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−ΚΝ∆Θ  6ΓΜΠΚΥΜ ΗΤΧΟΥ[Π  6ϑΤΘΩΙϑΘΩς ςϑΓ ςϑ ΕΓΠςΩΤ[ ΓΖςΓΠΥΚΞΓ ΓΗΗΘΤςΥ ςΘ ΦΓΞΓΝΘΡ
ΧΩςΘΟΧςΓΦΡΤΘΦΩΕςΚΘΠΡΤΘΕΓΥΥΓΥΨϑΓΤΓΩΥΓΦ∆[ΟΧΠΩΗΧΕςΩΤΚΠΙΕΘΟΡΧΠΚΓΥςΘΤΧΦΚΕΧΝΝ[ΚΠΕΤΓΧΥΓΓΗΗΚΕΚΓΠΕ[
ΧΠΦ ΥΩΥςΧΚΠ Χ ϑΚΙϑ ΣΩΧΝΚς[ ΘΗ ΡΤΘΦΩΕςΚΘΠ +ΠΕΤΓΧΥΓΦ ΧΩςΘΟΧςΚΘΠ ΨΧΥ ΠΘς ΘΠΝ[ ΕΘΠΕΓΤΠΓΦ ΨΚςϑ ΧΕςΩΧΝ
ΟΧΠΩΗΧΕςΩΤΚΠΙ ΡΤΘΕΓΥΥΓΥ ∆Ως ΧΝΥΘ ΗΘΕΩΥΓΦ ΘΠ ΥΩΡΡΘΤςΚΠΙ ςΧΥΜΥ ΓΙ ΟΧςΓΤΚΧΝ ϑΧΠΦΝΚΠΙ ςΤΧΠΥΡΘΤς ΧΠΦ
ΥςΘΤΧΙΓ4ΓΞΓΝΚΘςΚΥ∗ΘΨΓΞΓΤΓΞΓΠΚΗςϑΓΤΓΨΓΤΓΧΟ∆ΚςΚΘΠΥΦΩΤΚΠΙςϑΓ∂ΥΓΞΓΠςΘΕΤΓΧςΓΥΘ
ΕΧΝΝΓΦ≥ΝΚΙϑςΥΘΩςΗΧΕςΘΤΚΓΥ×ΨΚςϑΗΩΝΝΧΩςΘΟΧςΚΘΠΚΠΓΧΕϑΡΤΘΦΩΕςΚΘΠΩΠΚς/ΚςΧΝΟΘΥςΧΩςΘΟΧςΓΦ
Υ[ΥςΓΟΥ ΨΚςϑΚΠ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΧΤΓ ΥςΚΝΝ ΥΓΟΚΧΩςΘΟΧςΚΕ ΨΚςϑ ΟΧΠΩΗΧΕςΩΤΚΠΙ Υ[ΥςΓΟΥ ΕΘΠΥΚΥςΚΠΙ ΘΗ
ΕΘΟ∆ΚΠΧςΚΘΠΥ ΘΗ ΧΩςΘΟΧςΓΦ ΧΠΦΟΧΠΩΧΝ ςΧΥΜΥ6ϑΚΥ ΚΥ ΓΥΡΓΕΚΧΝΝ[ ΧΡΡΧΤΓΠς ΨΚςϑΚΠ ΧΥΥΓΟ∆Ν[ ΘΡΓΤΧςΚΘΠΥ
ΨϑΚΕϑϑΧΞΓΙΓΠΓΤΧΝΝ[∆ΓΓΠΟΘΤΓΦΚΗΗΚΕΩΝςςΘΧΩςΘΟΧςΓΧςΧΛΩΥςΚΗΚΧ∆ΝΓΕΘΥς∃ΘΘςϑΤΘ[Φ
+Π ΧΦΦΚςΚΘΠ ΡΤΘΦΩΕς ΕΩΥςΘΟΚ∴ΧςΚΘΠ ΦΓΟΧΠΦΥ ΧΠΦ ΚΠΕΤΓΧΥΓΦ ΡΤΘΦΩΕς ΕΘΟΡΝΓΖΚς[ ϑΧΞΓ ΤΓΥΩΝςΓΦ ΚΠ
ΚΠΕΤΓΧΥΚΠΙΝ[ ΕΘΟΡΝΓΖ ΟΧΠΩΗΧΕςΩΤΚΠΙ Υ[ΥςΓΟΥ ΧΥ ΨΓΝΝ ΧΥ ΚΠΕΤΓΧΥΓΦ ΝΓΞΓΝΥ ΧΠΦ ΓΖςΓΠς ΘΗ ΧΩςΘΟΧςΚΘΠ
5ΧςΕϑΓΝΝ  ∗ΘΨΓΞΓΤ ΠΓΚςϑΓΤ ΧΩςΘΟΧςΚΘΠ ςΘ ΗΩΝΗΚΝΝ ΓΗΗΚΕΚΓΠΕ[ ΤΓΣΩΚΤΓΟΓΠςΥ ΠΘΤ ΧΩςΘΟΧςΚΘΠ ςΘ
ΧΕϑΚΓΞΓΗΝΓΖΚ∆ΚΝΚς[ΦΘΓΥΠΓΕΓΥΥΧΤΚΝ[ΝΓΧΦςΘΓΖΡΓΕςΓΦΤΓΥΩΝςΥ;ΘΩςΚΓΓςΧΝ+ΠΗΧΕςΓΖΕΓΥΥΚΞΓΝΓΞΓΝΥΘΗ
ΧΩςΘΟΧςΚΘΠ .Θ# ΟΧ[ ΤΓΥΩΝς ΚΠ ΡΘΘΤ Υ[ΥςΓΟ ΡΓΤΗΘΤΟΧΠΕΓ ∋ΠΦΥΝΓ[  ∋ΠΦΥΝΓ[ ΧΠΦ −ΚΤΚΥ 
2ΧΤΧΥΩΤΧΟΧΠ Γς ΧΝ  (ΩΤςϑΓΤ ΕΘΟΡΝΓΖ ΟΧΠΩΗΧΕςΩΤΚΠΙ Υ[ΥςΓΟΥ ΧΤΓ ΙΓΠΓΤΧΝΝ[ ΞΩΝΠΓΤΧ∆ΝΓ ςΘ
ΦΚΥςΩΤ∆ΧΠΕΓΥ ΨϑΚΕϑ ΟΚΙϑς ΝΓΧΦ ςΘ ΡΘΥΥΚ∆ΝΓ ΘΞΓΤΧΝΝ ΓΣΩΚΡΟΓΠς ΓΗΗΚΕΚΓΠΕ[ 1∋∋ ΦΓΙΤΧΦΧςΚΘΠ ;ΝΚΡκκ
+ΠΡΧΤΧΝΝΓΝΦΓΙΤΧΦΓΦΘΡΓΤΧςΘΤΡΓΤΗΘΤΟΧΠΕΓΟΧ[∆ΓΕΧΩΥΓΦ∆[ΓΙΝΧΕΜΘΗΜΠΘΨΝΓΦΙΓΙΤΧΦΩΧΝΝΘΥΥ
ΘΗ ΥΡΓΕΚΧΝ ΨΘΤΜΚΠΙ ΥΜΚΝΝΥ ΦΓΙΤΧΦΧςΚΘΠ ΘΗ ΥΚςΩΧςΚΘΠ ΧΨΧΤΓΠΓΥΥ ∋ΠΦΥΝΓ[  ∋ΠΦΥΝΓ[ ΧΠΦ−ΚΤΚΥ 
2ΧΤΧΥΩΤΧΟΧΠΓςΧΝΘΤΩΠΓΖΡΓΕςΓΦΚΠΕΤΓΧΥΓΚΠΕΘΙΠΚςΚΞΓΨΘΤΜΝΘΧΦ%ΘΠΠΘΤΥ
%ΘΠΥΓΣΩΓΠςΝ[ ςϑΓϑΩΟΧΠΧΕςΘΤ ΚΥΩΥΩΧΝΝ[ΧΕΘΟΡΘΠΓΠςΚΠ ςϑΓΟΧΠΩΗΧΕςΩΤΚΠΙΥ[ΥςΓΟΧΠΦΧΥΥΩΕϑ ΥϑΓ
ϑΧΥ ςΘ ∆Γ ΚΠΞΘΝΞΓΦ ΚΠ ςϑΓ ςΓΕϑΠΚΕΧΝ ΧΦΞΧΠΕΓΟΓΠςΥ ΧΠΦ ΠΓΓΦΥ ςΘ ∆Γ Χ∆ΝΓ ςΘ ϑΧΠΦΝΓ ΟΧΕϑΚΠΓΥ ΧΠΦ
ΓΣΩΚΡΟΓΠς+ΠΘςϑΓΤΨΘΤΦΥ∆ΘςϑΧΦΞΧΠΕΓΦςΓΕϑΠΚΕΧΝΥ[ΥςΓΟΧΠΦΥΜΚΝΝΓΦϑΩΟΧΠΨΘΤΜΓΤΥΧΤΓΠΓΕΓΥΥΧΤ[ΗΘΤ
ΧΕϑΚΓΞΚΠΙ ΗΝΓΖΚ∆ΝΓ ΧΠΦ ΓΗΗΚΕΚΓΠςΟΧΠΩΗΧΕςΩΤΚΠΙ6ϑΩΥ ΧΩςΘΟΧςΚΘΠΦΓΕΚΥΚΘΠΥ ΧΤΓ ΠΘς ςΤΚΞΚΧΝ ΚΠΦΚΕΧςΚΠΙ Χ
ΠΓΓΦ ΗΘΤ Χ ΦΓΓΡΓΤ ΩΠΦΓΤΥςΧΠΦΚΠΙ ΘΗ ΧΩςΘΟΧςΚΘΠ ΧΥ ΨΓΝΝ ΧΥ ςϑΓ ΨΧ[ ΧΩςΘΟΧςΚΘΠ ΚΥ ΧΡΡΤΘΧΕϑΓΦ ∆[
ΟΧΠΩΗΧΕςΩΤΚΠΙΚΠΦΩΥςΤ[ΧΥΨΓΝΝΧΥΟΧΠΩΗΧΕςΩΤΚΠΙΤΓΥΓΧΤΕϑ
6ϑΓ Θ∆ΛΓΕςΚΞΓ ΘΗ ςϑΚΥ ΡΧΡΓΤ ΚΥ ςΘ ΚΠΕΤΓΧΥΓ ΩΠΦΓΤΥςΧΠΦΚΠΙ ΘΗ ςΧΥΜ ΧΝΝΘΕΧςΚΘΠ ΨΚςϑΚΠ ΥΓΟΚΧΩςΘΟΧςΓΦ




4ΓΥΓΧΤΕϑ ΡΤΓΥΓΠςΓΦ ΚΥ ΡΧΤς ΘΗ Χ 5ΨΓΦΚΥϑ ΤΓΥΓΧΤΕϑ ΡΤΘΛΓΕς ΠΧΟΓΦ &;0#/1  &[ΠΧΟΚΕ .ΓΞΓΝΥ ΘΗ
#ΩςΘΟΧςΚΘΠ 6ϑΚΥ ΨΧΥ Χ ςϑΤΓΓ[ΓΧΤ ΡΤΘΛΓΕς ΓΠΦΚΠΙ ΚΠ  ΚΠΚςΚΧςΓΦ ςΘ ΧΦΦΤΓΥΥ ΚΠΦΩΥςΤΚΧΝ ΠΓΓΦΥ ΗΘΤ
ΧΦΧΡςΚΞΓΥΘΝΩςΚΘΠΥΧΠΦΦ[ΠΧΟΚΕΕϑΧΠΙΓΚΠΧΩςΘΟΧςΚΘΠΝΓΞΓΝΥΚΠΟΧΠΩΗΧΕςΩΤΚΠΙΥ[ΥςΓΟΥΦΩΤΚΠΙΦΚΗΗΓΤΓΠς
ΡϑΧΥΓΥ ΘΗ ςϑΓ Υ[ΥςΓΟ ΝΚΗΓ Ε[ΕΝΓ 6ϑΓ ΡΤΘΛΓΕς ΧΚΟΓΦ ςΘ ΡΤΘΞΚΦΓ ΚΠΦΩΥςΤ[ ΨΚςϑ ΦΓΥΚΙΠ ΟΓΧΥΩΤΓΟΓΠς
ΞΚΥΩΧΝΚ∴ΧςΚΘΠΧΠΦΟΧΠΧΙΓΟΓΠςςΘΘΝΥΗΘΤΦ[ΠΧΟΚΕΝΓΞΓΝΥΘΗΧΩςΘΟΧςΚΘΠΚΠΟΧΠΩΗΧΕςΩΤΚΠΙ
 4∋5∋#4%∗#2241#%∗




ΟΧΠΩΗΧΕςΩΤΚΠΙ6ϑΓ ςΧΖΘΠΘΟ[ΨΧΥΦΓΞΓΝΘΡΓΦ ςϑΤΘΩΙϑ ΕΧΥΓ ΥςΩΦΚΓΥ ΚΠΟΧΠΩΗΧΕςΩΤΚΠΙ ΓΠΞΚΤΘΠΟΓΠςΥ ΚΠ
ΤΓΝΧςΚΘΠςΘςϑΓΝΚςΓΤΧςΩΤΓΤΓΞΚΓΨ(ΚΠΧΝΝ[ςϑΓΡΤΘΡΘΥΓΦ.Θ#ςΧΖΘΠΘΟ[ΚΥΞΚΥΩΧΝΚ∴ΓΦςϑΤΘΩΙϑΧΙΓΠΓΤΧΝΚ∴ΓΦ
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REVIEWED  MANUSCRIPT – FOR RESUBMISSION
ΓΖΧΟΡΝΓ ΚΠ Χ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΕΘΠςΓΖς ∆ΧΥΓΦ ΘΠ ςϑΓ ΓΟΡΚΤΚΕΧΝ ΗΚΠΦΚΠΙΥ ΗΤΘΟ ςϑΓ ΕΧΥΓ ΥςΩΦΚΓΥ 6ϑΓ













ΘΗ Υ[ΥςΓΟΥ ΨϑΚΕϑ ΚΠςΓΙΤΧςΓ ΚΠΗΘΤΟΧςΚΘΠ ςΓΕϑΠΘΝΘΙ[ ΧΠΦ ΟΓΕϑΧΠΚΕΧΝ ςΓΕϑΠΘΝΘΙ[ ΚΠΕΤΓΧΥΓΥ 5ΧςΕϑΓΝΝ
6ΘΦΧ[ςϑΓςΓΤΟΧΩςΘΟΧςΚΘΠϑΧΥΙΤΘΨΠ∆Γ[ΘΠΦΟΧΠΩΗΧΕςΩΤΚΠΙΨϑΚΕϑΨΧΥςϑΓΡΘΡΩΝΧΤΕΘΠςΓΖςΘΗ
ϑΚΥςΘΤΚΕΧΝ ΧΩςΘΟΧςΚΘΠ ΚΟΡΝΓΟΓΠςΧςΚΘΠ ∗ΘΨΓΞΓΤ ΨΚςϑ ΓΟΓΤΙΚΠΙ ΕΘΠΕΓΡςΥ ΝΚΜΓ ∝ΜΠΘΨΝΓΦΙΓ ΨΘΤΜΓΤΥ∂
&ΤΩΕΜΓΤϑΩΟΧΠΨΘΤΜΡΤΧΕςΚΕΓΥϑΧΞΓΙΘΠΓΗΤΘΟΡϑ[ΥΚΕΧΝΝΧ∆ΘΤ ςΘΧΝΥΘΕΘΞΓΤΚΠΙΕΘΙΠΚςΚΞΓΝΧ∆ΘΤ
6ΘΦΧ[ΨΓΩΥΓΕΘΟΡΩςΓΤΥςΘΚΠςΓΤΡΤΓςΧΠΦΤΓΕΘΤΦΦΧςΧΟΧΜΓΦΓΕΚΥΚΘΠΥΧΠΦΞΚΥΩΧΝΚ∴ΓΚΠΗΘΤΟΧςΚΘΠ5ΩΕϑ
ςΧΥΜΥ ΧΤΓ ΤΓΙΧΤΦΓΦ ΧΥ ΧΩςΘΟΧςΚΘΠ ΚΠΕΝΩΦΚΠΙ ςϑΓ ΥΓΠΥΘΤΥ ςϑΧς ΙΘ ΨΚςϑ ςϑΓΟ 6ϑΓΤΓΗΘΤΓ ΚΠ ΚΠΦΩΥςΤΚΧΝ
ΥΓΕςΘΤΥ ΨϑΓΤΓ ϑΩΟΧΠ ΕΧΡΧ∆ΚΝΚς[ ΚΥ ΚΟΡΘΤςΧΠς ςΘ ΥΧΗΓς[ ΓΙ ΧΚΤΡΝΧΠΓΥ ΩΥΓΤΕΓΠςΓΤΓΦ ΧΡΡΤΘΧΕϑΓΥ ςΘ
ΧΩςΘΟΧςΚΘΠϑΧΞΓΓΞΘΝΞΓΦΧΠΦςϑΩΥΦΚΗΗΓΤΓΠςΦΓΙΤΓΓΥΘΗϑΩΟΧΠΕΘΙΠΚςΚΞΓΡΤΘΕΓΥΥςϑΧςΧΤΓ ΚΠςΘΩΕϑΨΚςϑ
ΟΧΕϑΚΠΓΥ ∃ΚΝΝΚΠΙΥ  4ΓΕΓΠςΝ[ ΘςϑΓΤ ΦΓΗΚΠΚςΚΘΠΥ ΘΗ ϑΩΟΧΠΟΧΕϑΚΠΓ ΚΠςΓΙΤΧςΚΘΠΥ ϑΧΞΓ ΓΟΓΤΙΓΦ
5ΧςΕϑΓΝΝ  ΗΘΕΩΥΚΠΙ ΘΠ ΥϑΧΤΚΠΙ ΘΗ ςΧΥΜΥ ΕΘΠςΤΘΝ ΧΠΦ ΧΩςϑΘΤΚς[ ∆ΓςΨΓΓΠ ϑΩΟΧΠ ΧΠΦ ΟΧΕϑΚΠΓΥ
ΤΓΙΧΤΦΚΠΙςϑΓςΨΘΧΥ∆ΓΚΠΙΟΩςΩΧΝΝ[ΕΘΟΡΝΚΟΓΠςΧΤ[#ΕΓΠςΤΧΝΣΩΓΥςΚΘΠΗΘΤΦΓΥΚΙΠΚΠΙΧΩςΘΟΧςΚΘΠΨΚςϑΚΠ
ΟΧΠΩΗΧΕςΩΤΚΠΙ Υ[ΥςΓΟΥ ϑΧΥ ςϑΓΤΓΗΘΤΓ ΠΘς ΘΠΝ[ ∆ΓΓΠ ϑΘΨ ςΘ ΦΓΥΚΙΠ ςϑΓ ∆ΓΥς Υ[ΥςΓΟ ∆Ως ΧΝΥΘ ϑΘΨ ςΘ
ΘΡςΚΟΚ∴ΓςϑΓ6ΧΥΜ#ΝΝΘΕΧςΚΘΠ6#∆ΓςΨΓΓΠϑΩΟΧΠΧΠΦΧΩςΘΟΧςΚΘΠ
 6ΧΥΜΧΝΝΘΕΧςΚΘΠ





HUMANS SURPASS MACHINES IN THE: MACHINES SURPASS HUMANS IN THE:
∪ Ability to detecting small amounts of visual or acoustic
energy
∪ Ability to perceiving patterns of light or sound
∪ Ability to improvise and use flexible procedures
∪ Ability to store very large amounts of information for long
periods and to recall relevant facts at the appropriate
time
∪ Ability to reason inductively
∪ Ability to exercise judgment
∪ Ability to respond quickly to control signals, and to apply
great force smoothly and precisely
∪ Ability to perform repetitive, routine tasks
∪ Ability to store information briefly and then to erase it
completely
∪ Ability to reason deductively, including computational
ability
∪ Ability to handle highly complex operations, i.e., to do
many different things at once.

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∗ΘΨΓΞΓΤΥΚΠΕΓΚςΥΚΠςΤΘΦΩΕςΚΘΠΧΤΧΠΙΓΘΗΕΤΚςΚΕΚΥΟϑΧΥΧΤΚΥΓΠΤΓΙΧΤΦΚΠΙςϑΓΧΡΡΝΚΕΧ∆ΚΝΚς[ΘΗ(ΚςςΥ∂ΝΚΥςΚΠ
Υ[ΥςΓΟΥ ΓΠΙΚΠΓΓΤΚΠΙ ,ΘΤΦΧΠ  ΗΘΤ ΚΠΥςΧΠΕΓ ΥςΧςΓΦ ςϑΧς ςϑΓ ΧςςΓΟΡς ςΘ ΕΘΟΡΧΤΓ ςϑΓ Χ∆ΚΝΚςΚΓΥ ΘΗ
ϑΩΟΧΠΧΠΦΟΧΕϑΚΠΓΥ ΚΥ ΚΠΧΡΡΤΘΡΤΚΧςΓ ΥΚΠΕΓΘΠΝ[ΟΧΕϑΚΠΓΥ ΕΧΠ∆ΓΦΓΥΚΙΠΓΦ ΗΘΤ Χ ΥΡΓΕΚΗΚΕ ΡΤΓΦΓΗΚΠΓΦ
ςΧΥΜ#ΕΕΘΤΦΚΠΙςΘ,ΘΤΦΧΠςϑΓΚΦΓΧΘΗΕΘΟΡΧΤΚΠΙϑΩΟΧΠΧΠΦςΓΕϑΠΘΝΘΙ[ΥϑΘΩΝΦςϑΓΤΓΗΘΤ∆ΓΦΚΥΕΧΤΦΓΦ
[ΓςΥ[ΥςΓΟΦΓΥΚΙΠΓΤΥΧΝΥΘΥϑΘΩΝΦΜΓΓΡΚΠΟΚΠΦΨϑΧςϑΩΟΧΠΥΧΠΦΟΧΕϑΚΠΓΥΦΘ∆ΓΥςΧΠΦΓΟ∆ΤΧΕΓςϑΧςςϑΓ















ΧΕΕΘΤΦΚΠΙ ςΘ ςϑΓ2ΩΤΦΩΓ∋ΠςΓΤΡΤΚΥΓ +ΠςΓΙΤΧςΚΘΠ4ΓΗΓΤΓΠΕΓ#ΤΕϑΚςΓΕςΩΤΓ ΥΩΙΙΓΥςΓΦ ∆[9ΚΝΝΚΧΟΥ 
ςΧΥΜ ΧΝΝΘΕΧςΚΘΠΕΧΠ∆Γ∆ΧΥΓΦΘΠΓΙ ΗΚΠΧΠΕΚΧΝςΓΕϑΠΚΕΧΝΘΤ ΥΘΕΚΧΝ ΗΧΕςΘΤΥ6ϑΓΥΓ ΗΧΕςΘΤΥΕΧΠ ΚΠ ςΩΤΠ∆Γ
ΘΤΙΧΠΚ∴ΓΦΚΠςΘςϑΤΓΓΕΧςΓΙΘΤΚΓΥΘΗΚΟΡΝΓΟΓΠςΓΦςΧΥΜΥΘΤ∆ΩΥΚΠΓΥΥΡΤΘΕΓΥΥΓΥΧΕΕΘΤΦΚΠΙςΘ9ΚΝΝΚΧΟΥ
 #ΝΝΦΚΤΓΕςΟΚΥΥΚΘΠΓΠΧ∆ΝΚΠΙΓΝΓΟΓΠςΥΘΗςϑΓΓΠςΓΤΡΤΚΥΓςϑΧςΚΥΧΝΝΘΗςϑΓΓΣΩΚΡΟΓΠςΡΤΘΞΚΦΚΠΙςϑΓ
ΡΤΘΦΩΕς ΧΠΦΘΤ ΥΓΤΞΚΕΓ ΗΩΠΕςΚΘΠΥ ΨϑΚΕϑ ΕΘΟΡΤΚΥΓ ςϑΓ ΟΚΥΥΚΘΠ ςΘ ςϑΓ ΕΩΥςΘΟΓΤΥ ΘΗ ςϑΓ
ΓΠςΓΤΡΤΚΥΓ
 #ΝΝΕΘΠςΤΘΝΧΠΦΚΠΗΘΤΟΧςΚΘΠΗΩΠΕςΚΘΠΓΠΧ∆ΝΚΠΙΓΝΓΟΓΠςΥΓΣΩΚΡΟΓΠςΧΙΧΚΠΧΠΦ
 #ΝΝϑΩΟΧΠΥ ΚΠΞΘΝΞΓΦ ΚΠ ςϑΓΓΠςΓΤΡΤΚΥΓ ϑΩΟΧΠΥΟΧ[ΥΓΤΞΓΧΝΘΠΙΨΚςϑ ςϑΓΓΣΩΚΡΟΓΠς ΚΠΓΚςϑΓΤ
ςϑΓ ΦΚΤΓΕς ΟΚΥΥΚΘΠ ΓΠΧ∆ΝΚΠΙ ΗΩΠΕςΚΘΠΥ ΧΠΦΘΤ ςϑΓ ΕΘΠςΤΘΝ ΧΠΦ ΚΠΗΘΤΟΧςΚΘΠ ΗΩΠΕςΚΘΠΥ ΨϑΚΕϑ
ΟΘΠΚςΘΤΧΠΦΕΘΠςΤΘΝςϑΓΟΚΥΥΚΘΠΓΝΓΟΓΠςΥ
#ΕΕΘΤΦΚΠΙ ςΘ 9ΚΝΝΚΧΟΥ  ΘΠΝ[ ςΨΘ ΘΗ ςϑΓΥΓ ΕΝΧΥΥΓΥ ΘΗ ςΧΥΜΥ ϑΧΞΓ ςΘ ∆Γ ΕΘΠΥΚΦΓΤΓΦ ΨϑΓΠ ςϑΓ
ΗΩΠΕςΚΘΠΧΝΚς[ΚΥΚΠΗΘΕΩΥΘΡΓΤΧςΚΠΙςϑΓ∝ΡΤΘΕΓΥΥΓΥ∂ΧΠΦ∝ΕΘΠςΤΘΝ∂ςϑΓΟΚΥΥΚΘΠΚΠΧΠ∝ΘΡςΚΟΧΝ∂ΟΧΠΠΓΤ∆Ως
ςϑΓΤΓ ΧΤΓ ςϑΤΓΓ ΕΝΧΥΥΓΥΘΗ ΚΟΡΝΓΟΓΠςΧςΚΘΠ ΥΚΠΕΓ ϑΩΟΧΠΥΟΧ[∆Γ ΧΥΜΓΦ ςΘ ΚΟΡΝΓΟΓΠς ΧΠ[ΘΗ ςϑΓ ςΧΥΜΥ
ΗΤΘΟΓΚςϑΓΤΗΩΠΕςΚΘΠΧΝΕΝΧΥΥΗΚΙΩΤΓ
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ΓΝΓΟΓΠςΘΗ ςϑΓ Υ[ΥςΓΟ +ς ΚΥ ΧΝΥΘ ΧΣΩΓΥςΚΘΠΘΠϑΘΨ ςϑΓϑΩΟΧΠ ΧΠΦ ΧΩςΘΟΧςΓΦ ΓΝΓΟΓΠςΥ ΕΧΠ ΥΩΡΡΘΤς







ΦΓΥΚΙΠΓΦ ςΘ ςΤΧΠΥΟΚς ΘΤ ςΘΟΘΦΚΗ[ ςϑΓΧΡΡΝΚΕΧςΚΘΠΘΗΡΘΨΓΤ ΗΘΤΕΓ ΘΤΟΘςΚΘΠ×6ϑΓ ςΓΤΟΟΧΠΩΧΝ ΕΧΠ
ςϑΓΤΓ∆[∆ΓΦΓΗΚΠΓΦΧΥΨΘΤΜΡΓΤΗΘΤΟΓΦΨΚςϑΘΩςΧΠ[ςΘΘΝΘΤΥΩΡΡΘΤς6ϑΩΥΙΚΞΚΠΙςϑΓΩΥΓΤςΘΘΝΥΘΤΘςϑΓΤ
ΥΩΡΡΘΤς ςΘ ΧΕϑΚΓΞΓ ςϑΓ ςΧΥΜ ΕΧΠ ∆Γ ΥΓΓΠ ΧΥ ΚΠΕΤΓΧΥΚΠΙ ςϑΓ ΝΓΞΓΝ ΘΗ ΧΩςΘΟΧςΚΘΠ ΧΠΦ ΧΡΡΤΘΧΕϑΚΠΙ ΗΩΝΝ
ΧΩςΘΟΧςΚΘΠ#ΠΘςϑΓΤΓΖΧΟΡΝΓΚΥΧ∆ΘΝςςϑΧςΕΧΠ∆ΓΗΚςςΓΦΚΠςΘΧΕΘΠΥςΤΩΕςΚΘΠ∆[ϑΧΠΦΨϑΚΕϑΟΧ[∆ΓΥΓΓΠ
ΧΥςϑΓΝΘΨΓΥςΝΓΞΓΝΘΗΟΧΠΩΧΝΨΘΤΜ∗ΘΨΓΞΓΤ∆[ΥΩΡΡΝ[ΚΠΙςϑΓΘΡΓΤΧςΘΤΨΚςϑΟΧΠΩΧΝΘΤΧΩςΘΟΧςΓΦϑΧΠΦ
ςΘΘΝΥ ΓΙ ΥΡΧΠΠΓΤ ΘΤ ϑ[ΦΤΧΩΝΚΕ∆ΘΝςΟΧΕϑΚΠΓ ςϑΓ ΝΓΞΓΝ ΘΗ ςΓΕϑΠΘΝΘΙΚΕΧΝ ΥΩΡΡΘΤς ΚΥ ΤΧΚΥΓΦ ∃[ ΗΩΤςϑΓΤ
ΤΓΡΝΧΕΚΠΙςϑΓΓΝΓΕςΤΚΕΧΝΘΤϑ[ΦΤΧΩΝΚΕϑΧΠΦςΘΘΝΨΚςϑΧΟΧΕϑΚΠΓΘΤΤΘ∆ΘςΘΠςϑΓΨΘΤΜΥϑΘΡΗΝΘΘΤΨΓΤΓΧΕϑ
ΧΝΟΘΥςΗΩΝΝΧΩςΘΟΧςΚΘΠ
∋ΞΓΠ ΚΗ ςϑΓ ΓΖΧΟΡΝΓ ΟΧ[ ΥΓΓΟ ςΤΚΞΚΧΝ Κς ΕΧΠ ∆Γ ΠΘςΓΦ ΗΤΘΟ ΝΚςΓΤΧςΩΤΓ ςϑΧς ςϑΓ ΕΘΠΕΓΡς ΘΗ ≥ΝΓΞΓΝ ΘΗ
ΧΩςΘΟΧςΚΘΠ× .Θ# ϑΧΥ ∆ΓΓΠ ΕΘΠΥΚΦΓΤΓΦ ∆[ ΟΧΠ[ ΧΩςϑΘΤΥ ΥΓΓ ςΧ∆ΝΓ  ΗΤΘΟ ΧΤΓΧΥ ΥΩΕϑ ΧΥ ΧΞΚΧςΚΘΠ
ςΓΝΓΤΘ∆ΘςΚΕΥΧΠΦΡΤΘΕΓΥΥΚΠΦΩΥςΤ[(ΤΘΟςϑΓΤΓΞΚΓΨΚΠςϑΚΥΡΧΡΓΤ ΚςΕΧΠ∆ΓΥΓΓΠςϑΧςςϑΓΥΚΟΡΝΓΥςΗΘΤΟ
ΘΗ ΧΩςΘΟΧςΚΘΠ ΘΗςΓΠ ΘΡΓΤΧςΓΥ ΚΠ ςΨΘ ΟΘΦΓΥ ΟΧΠΩΧΝ ΘΤ ΧΩςΘΟΧςΚΕ ∗ΘΨΓΞΓΤ ΨΚςϑΚΠ ΟΘΤΓ ΕΘΟΡΝΓΖ
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6Χ∆ΝΓ#ΥΓΝΓΕςΚΘΠΘΗΝΓΞΓΝΘΗΧΩςΘΟΧςΚΘΠΦΓΗΚΠΚςΚΘΠΥ
Author Levels of Automation definition
Amber and Amber (1962)
The extent to which human energy and control over the production process are replaced
by machines.
Sheridan (1980)
The level of automation incorporates the issue of feedback, as well as relative sharing of
functions in ten stages.
Kern and Schumann (1985)
Degree of mechanization is defined as the technical level in five different dimensions or
work functions.
Billings (1997)
The level of automation goes from direct manual control to largely autonomous
operation where the human role is minimal.
Endsley (1997)
The level of automation in the context of expert systems is most applicable to cognitive
tasks such as ability to respond to, and make decisions based on, system information.
Satchell (1998)
The level of automation is defined as the sharing between the human and machines with
different degrees of human involvement.
Parasuraman et al. (2000) Level of automation is a continuum from manual to fully automatic operations.
Groover (2001)
The level of automation can be defined as an amount of the manning level with focus









ΕΘΠςΚΠΩΩΟ ΘΗ ΧΩςΘΟΧςΚΘΠ ΝΓΞΓΝΥ ΗΤΘΟ ςϑΓ ΝΘΨΓΥς ΝΓΞΓΝ ΘΗ ΗΩΝΝ[ ΟΧΠΩΧΝ ΡΓΤΗΘΤΟΧΠΕΓ ∆ΧΥΓΦ ΘΠ ςϑΓ
ΕΧΡΧ∆ΚΝΚςΚΓΥΘΗςϑΓϑΩΟΧΠςΘςϑΓϑΚΙϑΓΥςΝΓΞΓΝΘΗΗΩΝΝΧΩςΘΟΧςΚΘΠΨΚςϑΘΩςΧΠ[ϑΩΟΧΠΚΠΞΘΝΞΓΟΓΠς




∃ΧΥΓΦ ΘΠ ςϑΓ ΤΓΞΚΓΨ ΚΠ ςϑΚΥ ΡΧΡΓΤ ΕΧΠ Κς ∆Γ ΧΤΙΩΓΦ ςϑΧς ςϑΓ ΝΓΞΓΝ ΘΗ ΧΩςΘΟΧςΚΘΠ ΕΘΠΕΓΡς ΥϑΘΩΝΦ ∆Γ
ΦΓΥΕΤΚ∆ΓΦ ΚΠΟΘΤΓ ΦΓΡςϑ +Π ΡΤΓΞΚΘΩΥ ΕΧΥΓ ΥςΩΦΚΓΥ (ΤΘϑΟΓς ΧΝ  .ΚΠΦΥςΤ{Ο Γς ΧΝ  ΚςΨΧΥ








+ς ΚΥ ςϑΓΤΓΗΘΤΓ ΚΟΡΘΤςΧΠς ςΘ ΤΓΕΘΙΠΚ∴Γ ςϑΧς ΧΩςΘΟΧςΚΘΠ ΚΠ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΕΧΠ ∆Γ ΥΓΓΠ ΚΠ ΝΚΠΓ ΨΚςϑ
%ϑΚΧΠςΓΝΝΧΧΠΦ9ΚΝΝΚΧΟΥΧΥςΨΘ∆ΧΥΚΕΕΝΧΥΥΓΥΘΗΧΩςΘΟΧςΚΘΠΟΓΕϑΧΠΚ∴ΧςΚΘΠΧΠΦΕΘΟΡΩςΓΤΚ∴ΧςΚΘΠ
ΗΚΙΩΤΓ%ΘΟΡΩςΓΤΚ∴ΧςΚΘΠΚΥΦΓΗΚΠΓΦΚΠςϑΚΥΡΧΡΓΤΧΥςϑΓΤΓΡΝΧΕΓΟΓΠςΘΗΕΘΙΠΚςΚΞΓςΧΥΜΥΥΩΕϑΧΥϑΩΟΧΠ
ΥΓΠΥΘΤ[ΡΤΘΕΓΥΥΓΥΧΠΦΟΓΠςΧΝ ΧΕςΚΞΚς[6ϑΚΥΨΘΩΝΦ ΚΠΕΝΩΦΓΓΙ ΕΘΝΝΓΕςΚΘΠ ΥςΘΤΧΙΓ ΧΠΧΝ[ΥΚΥ ΧΠΦΩΥΓΘΗ
ΚΠΗΘΤΟΧςΚΘΠΚΠΘΤΦΓΤςΘΕΘΠςΤΘΝςϑΓΟΧΠΩΗΧΕςΩΤΚΠΙΡΤΘΕΓΥΥ/ΓΕϑΧΠΚ∴ΧςΚΘΠΚΥΚΠΧΥΚΟΚΝΧΤΨΧ[ΕΘΠΠΓΕςΓΦ
ςΘ ΕΘΟΡΩςΓΤΚ∴ΧςΚΘΠ ΧΠΦ ΚΥ ΦΓΗΚΠΓΦ ΧΥ ςϑΓ ΤΓΡΝΧΕΓΟΓΠς ΘΗ ϑΩΟΧΠΟΩΥΕΝΓ ΡΘΨΓΤ ΥΩΕϑ ΧΥΟΧςΓΤΚΧΝ ΧΠΦ
ΓΠΓΤΙ[ςΤΧΠΥΗΘΤΟΧςΚΘΠ(ΤΘϑΟΓςΧΝ
 /ΓΕϑΧΠΚ∴ΧςΚΘΠΧΩςΘΟΧςΚΘΠΘΗΡϑ[ΥΚΕΧΝςΧΥΜΥ
/ΓΕϑΧΠΚ∴ΧςΚΘΠ ΧΥ ΥΩΕϑ ΚΥΘΗςΓΠ ΧΥΥΘΕΚΧςΓΦΨΚςϑ ΚΠΦΚΞΚΦΩΧΝΟΧΠΩΗΧΕςΩΤΚΠΙΟΧΕϑΚΠΓΥ ΧΠΦ ΤΘ∆ΘςΥ #ΝΝΩΟ
∃ΤΚΙϑς&ΩΠΕϑΓΘΠ)ΤΘΘΞΓΤ−ΓΤΠΧΠΦ5ΕϑΩΟΧΠΠ(ΩΤςϑΓΤςϑΓΕΘΠΕΓΡςΘΗ
ΧΩςΘΟΧςΓΦ Υ[ΥςΓΟΥ ΕΧΠ ΧΝΥΘ ΚΠ ΝΚΠΓ ΨΚςϑ +51 ∆Γ ΧΡΡΝΚΓΦ ςΘ ΞΧΤΚΘΩΥ ΝΓΞΓΝΥ ΘΗ ΗΧΕςΘΤ[ ΘΡΓΤΧςΚΘΠΥ
)ΩΝΝΧΠΦΓΤ  ΥΚΠΕΓ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΟΧΕϑΚΠΓΥ ΧΤΓ ΟΧΦΓ ΩΡ ΘΗ ΥΩ∆Υ[ΥςΓΟΥ ΨϑΚΕϑ ΕΧΠ ΓΧΕϑ ∆Γ
ΧΩςΘΟΧςΓΦ ΚΠΦΚΞΚΦΩΧΝΝ[1ΠΓΓΖΧΟΡΝΓΘΗ ςϑΚΥ ΚΥ ςϑΓ%ΘΟΡΩςΓΤΚ∴ΓΦ0ΩΟΓΤΚΕΧΝ%ΘΠςΤΘΝ %0%ΟΧΕϑΚΠΓ
ΨϑΚΕϑΚΥΕΘΟΡΘΥΓΦΘΗΠΩΟΓΤΘΩΥΚΠςΓΙΤΧςΓΦΧΠΦΧΩςΘΟΧςΓΦΥΩ∆Υ[ΥςΓΟΥ6ϑΓ%0%ΟΧΕϑΚΠΓΟΧ[ΗΩΤςϑΓΤ














Single units with manual work
Single units with mechanical control
Multi-functional units without manual control
Mechanization
Systems of units




















ΧΥ ςΧΥΜΥ ΨΓΤΓ ςϑΓ ϑΩΟΧΠΥ ΧΤΓ ΤΓΥΡΘΠΥΚ∆ΝΓ ΗΘΤ ΕΘΠΦΩΕςΚΠΙ ςϑΓ ςΧΥΜ ΓΙ ΧΡΡΝΚΕΧςΚΘΠ ΘΗ ΓΡΘΖ[ ∝5ΓΟΚ
ΧΩςΘΟΧςΚΕ∂ ΚΥ ΧϑΚΙϑΓΤΝΓΞΓΝΘΗΧΩςΘΟΧςΚΘΠΧΠΦΚΠΞΘΝΞΓΥΧΕΕΘΤΦΚΠΙ ςΘ&ΩΠΕϑΓΘΠΧΩςΘΟΧςΓΦΧΝΚΙΠΟΓΠς
ΧΠΦΧΡΡΝΚΕΧςΚΘΠΘΗΓΡΘΖ[∆[ΧΤΘ∆Θς/ΧςΓΤΚΧΝϑΧΠΦΝΚΠΙΘΠςϑΓΘςϑΓΤϑΧΠΦΚΥΥςΚΝΝΕΘΠΦΩΕςΓΦ∆[ϑΩΟΧΠΥ
ΩΠΝΚΜΓ∝ΧΩςΘΟΧςΚΕ∂ΨϑΓΤΓΧΝΥΘΟΧςΓΤΚΧΝϑΧΠΦΝΚΠΙΚΥΧΩςΘΟΧςΓΦ
∃ΧΥΓΦ ΘΠ ςϑΓ ςϑΤΓΓ ΡΤΓΞΚΘΩΥ ςΧΖΘΠΘΟΚΓΥ Κς ΕΧΠ ∆Γ ΡΤΓΥΩΟΓΦ ςϑΧς ςϑΓ ΝΓΞΓΝ ΘΗ ΧΩςΘΟΧςΚΘΠ ΘΤ
ΟΓΕϑΧΠΚ∴ΧςΚΘΠΕΧΠ∆Γ ΥΓΓΠ ΧΥ ςϑΤΓΓ ΝΓΞΓΝΥ ΗΤΘΟΟΧΠΩΧΝ ςΘ ΗΩΝΝ[ ΧΩςΘΟΧςΓΦΟΧΠΩΗΧΕςΩΤΚΠΙ∗ΘΨΓΞΓΤ
ΟΘΥςΟΧΠΩΗΧΕςΩΤΚΠΙ Υ[ΥςΓΟΥ ΕΘΠΥΚΥς ΘΗ ∆ΘςϑϑΩΟΧΠΥ ΧΠΦ ΧΩςΘΟΧςΚΘΠ ΚΠΕΘΠΠΓΕςΚΘΠ6ϑΚΥΟΓΧΠΥ ςϑΧς
ΟΘΥςςΧΥΜΥΧΤΓΗΧΝΝΚΠΙ∆ΓςΨΓΓΠΟΧΠΩΧΝΧΠΦΗΩΝΝΧΩςΘΟΧςΚΘΠ
(ΤΘΟΧΙΓΠΓΤΚΕΟΧΠΩΗΧΕςΩΤΚΠΙ ΥςΤΧςΓΙ[ΡΓΤΥΡΓΕςΚΞΓ%ϑΚΧΠςΓΝΝΧ ΚΠ−ΘςϑΧ ΧΠΦ1ΤΠΓ ΡΤΓΥΓΠςΓΦ Χ
ΟΘΦΓΝΘΗΡΤΘΕΓΥΥΕΘΟΡΝΓΖΚς[ΨϑΓΤΓςϑΓ∝ΝΓΞΓΝΘΗΧΩςΘΟΧςΚΘΠ∂ΕΘΠΥΚΥςΥΘΗΟΓΕϑΧΠΚ∴ΧςΚΘΠΡϑ[ΥΚΕΧΝςΧΥΜΥ
ΧΠΦ Υ[ΥςΓΟΚ∴ΧςΚΘΠ ΕΘΠςΤΘΝ ΘΗ ςϑΓ Ρϑ[ΥΚΕΧΝ ςΧΥΜΥ ∗ΓΤΓ ΚΠ ΕϑΧΡςΓΤ  ΘΠΝ[ ςϑΓ Ρϑ[ΥΚΕΧΝ
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
6Χ∆ΝΓ(ΘΩΤΝΓΞΓΝΥΘΗΟΓΕϑΧΠΚ∴ΧςΚΘΠ−ΘςϑΧΧΠΦ1ΤΠΓ
Manual A human operator performs an operation manually with a minimum of tools. Component assembly
using simple fixtures and hard tools would be an example
Machine The operator employs mechanical assistance in performing an operation, as in the fabrication of
parts using milling machines, lathes or presses
Fixed program A fixed program machine may employ pneumatic logic, mechanical sequencing or numerical control
to execute a sequence of operations. No provision are made for exceptions to the normal process
Programmable
control
Under programmable control a machine may execute a sequence of operations and compensate for
exceptions that may occur. A machine may be programmed to perform different tasks as well.

#ΥΡΤΓΞΚΘΩΥΝ[ ΥςΧςΓΦ ΧΩςΘΟΧςΚΘΠΘΗςΓΠ ΤΓΝΧςΓΥ ςΘ ΧΝΝΘΕΧςΚΘΠΘΗ Ρϑ[ΥΚΕΧΝ ςΧΥΜΥ ΚΓ ςϑΘΥΓ ΗΩΠΕςΚΘΠΥ ςϑΧς
ΧΕΕΘΤΦΚΠΙ ςΘ 9ΚΝΝΚΧΟΥ  ΧΤΓ ΚΠΞΘΝΞΓΦ ΚΠ ΘΡΓΤΧςΚΠΙ ςϑΓ ΡΤΘΕΓΥΥΓΥ ΨϑΚΕϑ ΤΓΥΩΝςΥ ΚΠ ΟΧΜΚΠΙ ςϑΓ
∝ΡΤΘΦΩΕς∂∗ΘΨΓΞΓΤ ΗΘΤΥΘΟΓ ςΚΟΓ ΗΘΕΩΥΘΗ ΧΩςΘΟΧςΚΘΠ ΓΗΗΘΤςΥϑΧΥ∆ΓΓΠΓΖςΓΠΦΓΦ ςΘΧΦΦΤΓΥΥ ΕΘΠςΤΘΝ




∃ΧΥΓΦ ΘΠ ΡΤΓΞΚΘΩΥ ΕΧΥΓ ΥςΩΦΚΓΥ (ΤΘϑΟ Γς ΧΝ  .ΚΠΦΥςΤ{Ο Γς ΧΝ  ΕΧΠ Κς ∆Γ ΧΤΙΩΓΦ ςϑΧς
ΕΘΟΡΩςΓΤΥ ΧΤΓ ΘΗςΓΠ ΚΟΡΝΓΟΓΠςΓΦ ΚΠςΘ ΟΧΠ[ ΟΘΦΓΤΠ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΘΡΓΤΧςΚΘΠΥ ΗΘΤ ΘΡςΚΟΧΝ
ΡΓΤΗΘΤΟΧΠΕΓ ΕΘΠςΤΘΝ (ΩΤςϑΓΤΟΘΤΓ ΤΓΕΓΠς ΝΚςΓΤΧςΩΤΓ ΓΙ /ΚςΧΝ ΧΠΦ 2ΓΠΠΧςϑΩΤ  ΕΘΠΕΓΤΠΚΠΙ
ΤΓΥΓΧΤΕϑ ΤΓΝΧςΓΦ ςΘ ϑΩΟΧΠΥ ΚΠ ΧΦΞΧΠΕΓΦ Φ[ΠΧΟΚΕ ΧΠΦ ΧΩςΘΟΧςΓΦ Υ[ΥςΓΟΥ ΓΙ ΤΓΟΘςΓ ΕΘΠςΤΘΝΝΓΦ
ΟΧΕϑΚΠΓΥΧΠΦΤΘ∆ΘςΚΕΥϑΧΥΡΤΓΥΓΠςΓΦΧΠΩΟ∆ΓΤΘΗςΧΖΘΠΘΟΚΓΥΘΗΝΓΞΓΝΘΗΧΩςΘΟΧςΚΘΠ+ΠςϑΓΥΧΟΓΨΧ[
ΧΥ ΤΓΙΧΤΦΚΠΙ ΟΓΕϑΧΠΚ∴ΓΦ ςΧΥΜ ΡΓΤΗΘΤΟΧΠΕΓ ΟΘΥς ςΧΖΘΠΘΟΚΓΥ ΘΠ ςϑΓ ΕΘΟΡΩςΓΤΚ∴ΓΦ ΧΠΦ
ΚΠΗΘΤΟΧςΚΘΠΕΘΠςΤΘΝΘΤΚΓΠςΓΦ ΥΚΦΓ ΧΝΥΘ ΘΗΗΓΤ ΚΠςΓΤΟΓΦΚΧΤ[ ΝΓΞΓΝΥ ΘΗ ΧΩςΘΟΧςΚΘΠ ∆ΓςΨΓΓΠ ΗΩΝΝ[ ΟΧΠΩΧΝ
ΕΘΠςΤΘΝΧΠΦΗΩΝΝΧΩςΘΟΧςΚΘΠ6ϑΓΥΓΝΓΞΓΝΥΧΤΓΧΕΕΘΤΦΚΠΙςΘ−Χ∆ΓΤΓςΧΝΚΠςΓΠΦΓΦςΘΟΧΚΠςΧΚΠ∆Θςϑ
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
6Χ∆ΝΓ6ϑΓ5ϑΓΤΚΦΧΠ8ΓΤΡΝΧΠΕΜΝΓΞΓΝΥΘΗΧΩςΘΟΧςΚΘΠ5ϑΓΤΚΦΧΠ
1. Human considers alternatives, makes and implements decision.
2. Computer offers a set of alternatives which human may ignore in making decision.
3. Computer offers a restricted set of alternatives, and human decides which to implement.
4. Computer offers a restricted set of alternatives and suggests one, but human still makes and implements final
decision.
5. Computer offers a restricted set of alternatives and suggests one, which it will implement if human approve.
6. Computer makes decision but gives human option to veto prior to implementation.
7. Computer makes and implements decision, but must inform human after the fact.
8. Computer makes and implements decision, and informs human only if asked to.
9. Computer makes and implements decision, and informs human only if it feels this is warranted.
 Computer makes and implements decision if it feels it should, and informs human only if it feels this is
warranted.

#ΥΥΓΓΠ ΚΠ ςΧ∆ΝΓ5ϑΓΤΚΦΧΠΧΠΦ8ΓΤΡΝΧΠΕΜ∂Υ ςΧΖΘΠΘΟ[ ΚΠΕΘΤΡΘΤΧςΓΥ ΚΥΥΩΓΥΘΗ ΗΓΓΦ∆ΧΕΜΧΥΨΓΝΝΧΥ ςϑΓ
ΤΓΝΧςΚΞΓ ΥϑΧΤΚΠΙΘΗ ΗΩΠΕςΚΘΠΥ ΦΓςΓΤΟΚΠΚΠΙΘΡςΚΘΠΥ ΥΓΝΓΕςΚΠΙΘΡςΚΘΠΥ ΧΠΦ ΚΟΡΝΓΟΓΠςΚΠΙ ςΧΥΜΥ∆ΓςΨΓΓΠ
ςϑΓϑΩΟΧΠΧΠΦςϑΓςΓΕϑΠΚΕΧΝΥ[ΥςΓΟ6ϑΚΥςΧΖΘΠΘΟ[ΚΥΧΝΥΘΘΠΓΘΗςϑΓΟΘΥςΦΓΥΕΤΚΡςΚΞΓςΧΖΘΠΘΟΚΓΥςϑΧς
ΕΧΠ∆Γ ΗΘΩΠΦ ΚΠ ΝΚςΓΤΧςΩΤΓ ΚΠ ςΓΤΟΥΘΗ ΚΦΓΠςΚΗΚΕΧςΚΘΠΘΗ ∝ΨϑΧς∂ ςϑΓ ΘΡΓΤΧςΘΤ ϑΩΟΧΠ ΧΠΦ ςϑΓ ςΓΕϑΠΚΕΧΝ
Υ[ΥςΓΟΕΘΟΡΩςΓΤΗΘΤ ΚΠΗΘΤΟΧςΚΘΠΧΠΦΕΘΠςΤΘΝΧΤΓςΘΦΘΩΠΦΓΤΦΚΗΗΓΤΓΠς.Θ#Υ ΧΠΦ ∝ϑΘΨ∂ςϑΓ[ΥϑΘΩΝΦ
ΕΘΘΡΓΤΧςΓ#ΝΥΘ5ΧςΕϑΓΝΝΥςΤΓΥΥΓΥςϑΧςΥϑΧΤΚΠΙ∆ΓςΨΓΓΠϑΩΟΧΠΥΧΠΦΟΧΕϑΚΠΓΥΕΧΠΘΕΕΩΤΚΠΟΧΠ[
ΗΘΤΟΥ ΧΠΦ ςϑΓΥΓ ΗΘΤΟΥ ΕΧΠ ∆Γ ΥςΤΧςΚΗΚΓΦ ΚΠςΘ ΦΚΗΗΓΤΓΠς ΝΓΞΓΝΥ ΦΓΡΓΠΦΚΠΙ ΘΠ ςϑΓ ΦΓΙΤΓΓ ΘΗ ϑΩΟΧΠ
ΚΠΞΘΝΞΓΟΓΠς+ΠΧΙΧΜΚΗΩΤςϑΓΤΦΓΞΓΝΘΡΥςΧΥΜΧΝΝΘΕΧςΚΘΠΟΓςϑΘΦΥΚΠςΤΘΦΩΕΚΠΙΠΘςΘΠΝ[ΥϑΧΤΚΠΙ∆Ως
ΧΝΥΘςΤΧΦΚΠΙΘΗΕΘΠςΤΘΝ





ΚΠ−ΘςϑΧ ΧΠΦ1ΤΠΓ ΨϑΚΕϑ ΚΥ ΓΟΡΝΘ[ΓΦ ςΘ ΕΘΠςΤΘΝ Χ ΡΤΘΕΓΥΥ%ϑΚΧΠςΓΝΝΧ ΦΓΥΕΤΚ∆ΓΥ ςϑΓ ΝΓΞΓΝ ΘΗ
Υ[ΥςΓΟΚ∴ΧςΚΘΠ ΚΠ ΥΚΖ ΝΓΞΓΝΥ ΤΧΠΙΚΠΙ ΗΤΘΟ ΕΘΝΝΓΕςΚΠΙ ΦΧςΧ ΗΤΘΟ ςϑΓ ΡΤΘΕΓΥΥ ΨϑΚΕϑ ΚΠΞΘΝΞΓΥ ΧΕΣΩΚΤΚΠΙ




Data collecting Recording past occurrences – documents (reports) produced at some later time
Event reporting Capturing information as event occur – documents are produced when and where required
Tracking A continuing profile of event information for a series of operations or movements
Monitoring Dynamically comparing actual events to those planned. Alert messages are produced
Guide Providing action alternatives, and capturing the course of action taken
Control Executing a control action when predefined event conditions occur.

#Υ ΥϑΘΨΠ ∆[ ΓΙ 2ΧΤΧΥΩΤΧΟΧΠ  ςϑΓ ςΧΥΜΥ Χς ΓΧΕϑ ΘΗ ςϑΓΥΓ ΗΘΩΤ ΥςΧΙΓΥ ΕΧΠ ∆Γ ΧΩςΘΟΧςΓΦ ςΘ
ΦΚΗΗΓΤΓΠςΦΓΙΤΓΓΥΘΤ ΝΓΞΓΝΥ∃[ΕΘΟ∆ΚΠΚΠΙ ςϑΓ 5ϑΓΤΚΦΧΠ8ΓΤΡΝΧΠΜ ςΧΖΘΠΘΟ[ΨΚςϑ ςϑΓΟΘΦΓΝΘΗϑΩΟΧΠ
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ΚΠΗΘΤΟΧςΚΘΠΡΤΘΕΓΥΥΚΠΙ 2ΧΤΧΥΩΤΧΟΧΠ ΥϑΘΨΓΦ ςϑΧς ΧΡΧΤςΚΕΩΝΧΤ Υ[ΥςΓΟΕΘΩΝΦ ΚΠΞΘΝΞΓ ΧΩςΘΟΧςΚΘΠ ΚΠ ΧΝΝ
ΗΘΩΤ ΦΚΟΓΠΥΚΘΠΥ Χς ΦΚΗΗΓΤΓΠς ΝΓΞΓΝΥ (ΘΤ ΓΖΧΟΡΝΓ Χ ΙΚΞΓΠ Υ[ΥςΓΟ # ∆ΝΧΕΜ ΝΚΠΓ ΚΠ ΗΚΙΩΤΓ  ΕΘΩΝΦ ∆Γ
ΦΓΥΚΙΠΓΦ ςΘ ϑΧΞΓΟΘΦΓΤΧςΓ ςΘ ϑΚΙϑ ΝΓΞΓΝ ΘΗ ΧΕΣΩΚΥΚςΚΘΠ ΝΓΞΓΝ  ΝΘΨ ΝΓΞΓΝ ΚΠ ΧΠΧΝ[ΥΚΥ ΧΠΦ ΦΓΕΚΥΚΘΠ





∋ΠΦΥΝΓ[ ΧΠΦ−Χ∆ΓΤ ΡΤΓΥΓΠςΓΦ Χ ςΧΖΘΠΘΟ[ ςϑΧς ΕΘΩΝΦ ΙΚΞΓ ΥΩΡΡΘΤς ςΘ ςϑΓ ϑΩΟΧΠ∆[ΟΓΧΠΥ ΘΗ
ΓΖΡΓΤς Υ[ΥςΓΟΥ ΨϑΚΕϑ ΨϑΓΤΓ ΦΓΞΓΝΘΡΓΦ ΗΘΤ ΓΙ ΧΚΤ ςΤΧΗΗΚΕ ΕΘΠςΤΘΝ ΧΦΞΧΠΕΓΦ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΧΠΦ
ςΓΝΓΘΡΓΤΧςΚΘΠΥ ∋ΠΦΥΝΓ[  ϑΧΦ ΡΤΓΞΚΘΩΥΝ[ ΡΤΘΡΘΥΓΦ ςϑΧς ςϑΓΤΓ ΧΤΓ ΗΚΞΓ ΗΩΠΕςΚΘΠΥ ΚΠ Χ ϑΩΟΧΠ
ΟΧΕϑΚΠΓΥ[ΥςΓΟςϑΧςΓΚςϑΓΤϑΩΟΧΠΘΤΧΠΓΖΡΓΤςΥ[ΥςΓΟΕΧΠΡΓΤΗΘΤΟ ΥΩΙΙΓΥςΕΘΠΕΩΤΞΓςΘΦΓΕΚΦΓΧΠΦΧΕς∃[
ΥςΤΩΕςΩΤΚΠΙςϑΘΥΓ ΗΚΞΓ ΗΩΠΕςΚΘΠΥςΘΥΓΤΞΓ ςϑΓ ΗΩΝΝ ΤΧΠΙΓ∆ΓςΨΓΓΠΟΧΠΩΧΝ ΧΠΦ ΗΩΝΝΧΩςΘΟΧςΚΘΠ∋ΠΦΥΝΓ[ΧΠΦ






Monitoring Generating Selecting Implementing
(1) Manual control Human Human Human Human
(2) Action support Human/computer Human Human Human/computer
(3) Batch processing Human/computer Human Human Computer
(4) Shared control Human/computer Human/computer Human Human/computer
(5) Decision support Human/computer Human/computer Human Computer
(6) Blended decision-making Human/computer Human/computer Human/computer Computer
(7) Rigid system Human/computer Computer Human Computer
(8) Automated decision-making Human/computer Human/computer Computer Computer
(9) Supervisory Control Human/computer Computer Computer Computer
(10) Full Automation Computer Computer Computer Computer

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Absence of automation No support is given
Notification The system provided information about what happened, and assists the operator in his or her
decision-making
Suggestion The system notified and suggested the appropriate action to take, but leave the operator to
decide and to act
Action The system resolved the problem by itself and informs the human to allow him or her to veto

#ΠΘςϑΓΤΨΧ[ΘΗΦΓΥΕΤΚ∆ΚΠΙ.Θ#ΧΕΕΘΤΦΚΠΙςΘ∃ΚΝΝΚΠΙΥ ΚΥςΘΥΓΓ.Θ#ΠΘςΧΥΧΥΚΠΙΝΓΡΤΘΙΤΓΥΥΚΘΠ
ΗΤΘΟ ςΘςΧΝ ΟΧΠΩΧΝ ΕΘΠςΤΘΝ ςΘ ΗΩΝΝ[ ΧΩςΘΟΧςΓΦ ΕΘΠςΤΘΝ ∆Ως ΧΥ Χ ΡΧΤΧΝΝΓΝ ΕΘΠςΤΘΝ″ΟΧΠΧΙΓΟΓΠς







Fully autonomous operation; Controller not
usually informed. System may or may not be
capable of being by passed
Autonomous
operations
Controller has no active role in operation.
Monitoring is limited to fault detection. Goals
are self-defined; pilot normally has no reason to
intervene.
Essentially autonomous operation. Automatic




Controller is informed of system intent; May
intervene by reverting to lower level.
Decisions are made by automation. Controller
must assent to decisions before implementation.
Management by
consent
Controller must consent to decisions. Controller
may select alternative decision option
Automation takes action only as directed by
controller. Level of assistance is selectable.
Management by
delegation
Controller specifies strategy and may specify
level of computer authority.
Control automation is not available. Processed
radar imagery is available. Backup computer
data is available.
Assisted control
Direct authority over decisions; Voice control
and coordination.










ΚΠΨϑΚΕϑ ςϑΓ ΘΡΓΤΧςΘΤ ΕΘΠςΤΘΝ ςΧΥΜ ΚΥ ϑΧΠΦΝΓΦ ∆[ ςϑΓ ςΓΕϑΠΚΕΧΝ Υ[ΥςΓΟ (ΤΘΟ ΧΤΓΧΥ ΥΩΕϑ ΧΥ ΧΞΚΧςΚΘΠ
ΠΩΕΝΓΧΤΡΘΨΓΤΡΝΧΠςΥΧΠΦΧΦΞΧΠΕΓΦΟΧΠΩΗΧΕςΩΤΚΠΙΥ[ΥςΓΟΥΚςΕΧΠ∆ΓΠΘςΓΦςϑΧςΠΘΠΓΘΗςϑΓΟςΘΦΧ[ΕΧΠ
∆ΓΘΡΓΤΧςΓΦΓΠςΚΤΓΝ[ΧςΓΚςϑΓΤΓΠΦΘΗςϑΚΥΥΡΓΕςΤΩΟΘΗΕΘΠςΤΘΝΧΠΦΟΧΠΧΙΓΟΓΠς+ΠΦΓΓΦΕΘΟΡΝΓΖΥ[ΥςΓΟΥ
ΥΩΕϑ ΧΥ ΧΚΤΡΝΧΠΓΥ ΘΤ ΧΦΞΧΠΕΓΦΟΧΠΩΗΧΕςΩΤΚΠΙ Υ[ΥςΓΟΥ ΕΧΠ ∆Γ ΩΠΦΓΤ ΦΚΤΓΕςΟΧΠΩΧΝ ΕΘΠςΤΘΝ ΨϑΚΝΓ ΥςΚΝΝ
ΚΠΕΘΤΡΘΤΧςΚΠΙΥΓΞΓΤΧΝΜΚΠΦΥΘΗΕΘΠςΤΘΝΧΩςΘΟΧςΚΘΠ∋ΞΓΠΤΓΟΘςΓΝ[ΕΘΠςΤΘΝΝΓΦΥ[ΥςΓΟΥΓΙ0#5#∂Υ/ΧΤΥ
ΓΖΡΝΘΤΓΤ ΧΤΓ ΠΘς ΗΩΝΝ[ΧΩςΘΠΘΟΘΩΥ ΚΠ ςϑΓ ΥΓΠΥΓ ςϑΧς ςϑΓ ΝΘΕΩΥΘΗ ΕΘΠςΤΘΝ ΘΗ ΥΩΕϑ Υ[ΥςΓΟΥ ΥΚΟΡΝ[ ϑΧΥ
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 Automation is dormant until initiated by operator
 Manual control is the 3 situation where automation is dormant unless initiated
Management-
by-consent
 Automation proposes action, but cannot act without explicit operator consent
 Management-by-consent is the situation where automation proposes action, but cannot act
without explicit operator consent.
Management-
by-exception
 Automation acts without explicit operator consent, requiring specific commands from the
operator to cancel automation
 Management-by-exception is the situation where automation acts without explicit operator











Manual Teleoperation The most basic operating mode, defines all situations in which the human operator is
constrained to remain continuously in the control loop.
Telepresence Typically, this involves some form of master-slave control system, where the human operator
initiates all actions of the master arm.
Director / Agent Control Director / Agent (D/A) control can be considered as a basic form of supervisory control, where
the human operator acts as a director and the limited intelligence robot acts as her or his
agent.
Supervisory Control Supervisory control describes a wide range of options were the human operator can take on a
variety of supervisory roles.
Autonomous Robotics Fully autonomous teleoperations. The system work without remote control and the human has




ΦΚΗΗΓΤΓΠς ΗΩΠΕςΚΘΠΥ ΡΤΘΙΤΧΟΟΚΠΙ ςΓΧΕϑΚΠΙ ΕΘΠςΤΘΝΝΚΠΙ ΕΘΟΟΧΠΦΚΠΙ ΧΠΦΟΘΠΚςΘΤΚΠΙ ςϑΧςϑΧΥ ςΘ∆Γ
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6Χ∆ΝΓ(ΚΞΓΝΓΞΓΝΥΘΗΧΩςΘΟΧςΚΘΠ&ΤΧΡΓΤ
Human control Total human control
Manual Control with
Intelligent Assistance
Human control and teaching with machine modification of control inputs.
Shared Control Human control and monitoring and machine control of (routine) subtasks.
Traded Control This level involves consecutive assignment of subtask control to the human and machine
depending on the characteristics of the task and server capability.
Strategic control Involving human long-term operations planning accompanied by machine performance of tasks.

∃ΧΥΓΦ ΘΠ ςϑΧς ΧΝΝΘΕΧςΚΘΠ ΘΗ ςΧΥΜΥ &ΤΧΡΓΤ ΡΤΘΡΘΥΓΦ ΗΚΞΓ ΝΓΞΓΝΥ ΘΗ ΧΩςΘΟΧςΚΘΠ ΤΧΠΙΚΠΙ ΗΤΘΟ ϑΩΟΧΠ





Autonomous Control An operator programs a series of points that a robot is to move to in order to perform
manipulative functions.
Direct Teleoperation An operator is required to directly command all activities of the robot in real-time, using a hand-
pilot instead of programming.
Shared Control The robotic system involves a blend of the characteristics of these two modes including
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6Χ∆ΝΓ5ΚΖΝΓΞΓΝΥΘΗΧΩςΘΟΧςΚΘΠ5ΕϑΨΧΤς∴ΓςΧΝ
No Automation Satellite downlinks raw telemetry data to ground. A human controller then performs the function
without any filtering or processing.
Data Filtering Satellite downlinks raw telemetry data to ground. Ground segment then filters and processes the data
and a human controller performs the function.
Cueing Satellite performs function and suggests possible solutions. Ground segment must verify all solutions
(using filtered data) before they can be implemented.
Supervision Satellite performs function but ground segment supervises recovery activities. Ground is aware of the
satellite's progress (through filtered data from the satellite) and can override any actions, but is not
required to intervene unless stall occurs.
Paging Satellite performs function but ground segment notified if processor stalls. In such a case, ground
controller then resolves problem-using data filtered from the satellite.
Fully Automated Satellite performs function with no communication to ground. No ability to recover if satellite processor
stalls.

∃ΧΥΓΦΘΠ ςϑΓ ΡΤΓΥΓΠςΓΦ ςΧΖΘΠΘΟΚΓΥ ΗΘΤΧΩςΘΟΧςΚΘΠΘΗ ΕΘΠςΤΘΝ ΧΠΦ ΚΠΗΘΤΟΧςΚΘΠ Κς ΕΧΠ∆ΓΧΤΙΩΓΦ ςϑΧς
ΟΧΠ[ΘΗ ςϑΓΡΤΓΥΓΠςΓΦ ςΧΖΘΠΘΟΚΓΥ ΧΤΓΦΓΥΚΙΠΓΦ ΗΘΤΥΡΓΕΚΗΚΕΡΤΓΦΓΗΚΠΓΦ ςΧΥΜΥΧΠΦ ςϑΓΤΓ∆[ΟΚΙϑςϑΧΞΓ
ΝΚΟΚςΓΦ ΧΡΡΝΚΕΧ∆ΚΝΚς[ ΚΠ ΘςϑΓΤ Υ[ΥςΓΟΥ ΥΩΕϑ ΧΥ ΟΧΠΩΗΧΕςΩΤΚΠΙ +ς ϑΧΥ ΧΝΥΘ ∆ΓΓΠ ΠΘςΓΦ ∆[ −Χ∆ΓΤ Γς ΧΝ
 ςϑΧς ςΧΖΘΠΘΟΚΓΥΘΗ.Θ# ςϑΧς ΧΤΓ ΦΓΥΚΙΠΓΦ ΗΘΤ ΥΡΓΕΚΗΚΕ ςΧΥΜΥΟΚΙϑς ΤΓΥΩΝς ΚΠ Χ ΤΓΦΩΕςΚΘΠΘΗ ςϑΓ
ϑΩΟΧΠ ΘΡΓΤΧςΘΤΥ∂ ΩΠΦΓΤΥςΧΠΦΚΠΙ ΘΗ ςϑΓ ΧΩςΘΟΧςΓΦ Υ[ΥςΓΟΥ ΦΩΤΚΠΙ ΧΠ ΧΩςΘΟΧςΚΘΠ ΗΧΚΝΩΤΓ ∃ΧΚΠ∆ΤΚΦΙΓ
ΧΝΤΓΧΦ[ΗΘΤΓΥΧΨςϑΚΥΕΘΠΕΝΩΥΚΘΠΚΠϑΓΤΕΝΧΥΥΚΕΧΝΥςΧςΓΟΓΠςΥΘΠςϑΓΚΤΘΠΚΓΥΘΗΧΩςΘΟΧςΚΘΠ
 .Θ#ΚΠ/ΧΠΩΗΧΕςΩΤΚΠΙ
+Π ΡΤΓΞΚΘΩΥ ΕΧΥΓ ΥςΩΦΚΓΥ (ΤΘϑΟ Γς ΧΝ  .ΚΠΦΥςΤ{Ο Γς ΧΝ  ςϑΓ ΧΩςϑΘΤΥ ΘΗ ςϑΚΥ ΡΧΡΓΤ ϑΧΞΓ
Θ∆ΥΓΤΞΓΦ ςϑΧςΟΘΥς ςΧΥΜΥΨΚςϑΚΠΟΘΦΓΤΠΟΧΠΩΗΧΕςΩΤΚΠΙΥΓΓΟςΘΚΠΞΘΝΞΓΧΟΚΖΘΗ∆ΘςϑΟΓΕϑΧΠΚ∴ΧςΚΘΠ
ΧΠΦΕΘΟΡΩςΓΤΚ∴ΧςΚΘΠ(ΩΤςϑΓΤςϑΧςΘ∆ΥΓΤΞΓΦςΧΥΜΥΧΠΦΘΡΓΤΧςΚΘΠΥΕΘΩΝΦ∆Γ∆ΤΘΜΓΠΦΘΨΠΚΠςΘΟΓΕϑΧΠΚ∴ΓΦ
ΧΠΦ ΕΘΟΡΩςΓΤΚ∴ΓΦ ΧΕςΚΞΚςΚΓΥ (ΘΤ ΓΖΧΟΡΝΓ ςΘ ΘΡΓΤΧςΓ Χ ΕΩςςΚΠΙ ΟΧΕϑΚΠΓ ςΧΥΜΥ ΥΩΕϑ ΧΥ ΕΘΠςΤΘΝΝΚΠΙ ςϑΓ
ΕΩςςΚΠΙ ςΘΘΝ ΕΘΟΡΩςΓΤΚ∴ΓΦ ΧΕςΚΞΚς[ ΧΥ ΨΓΝΝ ΧΥ ϑΧΠΦΝΚΠΙ ςϑΓ ΨΘΤΜ ΡΚΓΕΓΥ ΧΠΦ ΡΓΤΗΘΤΟΚΠΙ ςϑΓ ΕΩςςΚΠΙ
ΟΓΕϑΧΠΚ∴ΓΦΧΕςΚΞΚς[ΧΤΓΚΠΞΘΝΞΓΦ
9Γ ΠΘΨΡΤΘΡΘΥΓ ςϑΧςΧ ΥΓΝΓΕςΚΘΠΘΗ ςΧΖΘΠΘΟΚΓΥ ΗΘΤΟΓΕϑΧΠΚ∴ΧςΚΘΠ ΧΠΦΕΘΟΡΩςΓΤΚ∴ΧςΚΘΠ ΤΓΞΚΓΨΓΦ∆[
ςϑΚΥΡΧΡΓΤΕΧΠ∆ΓΧΥΥΓΟ∆ΝΓΦΚΠΧΨΧ[ςϑΧςΟΧΜΓΥςϑΓΟΤΓΝΓΞΧΠςΗΘΤςϑΓΟΧΠΩΗΧΕςΩΤΚΠΙΗΚΓΝΦ
6ϑΓ ΚΦΓΧ ςΘ ΕΘΟ∆ΚΠΓ ΧΩςΘΟΧςΚΘΠ ΘΗ Ρϑ[ΥΚΕΧΝ ςΧΥΜΥ ΨΚςϑ ΕΘΠςΤΘΝ ςΧΥΜΥ ΚΥ ΠΘς ΠΓΨ +Π  ΨϑΓΠ





































17 Anticipates action required and adjusts to provide it.
























15 Corrects performance after operating
14 Identifies and selects appropriate set of actions




































12 Changes speed, position, direction according to measurement signal
Records performance11
10




























Measures characteristic of work9
Actuated by introduction of work piece or material8
Power Tool System, Remote Controlled7














































Power Tool, Fixed Cycle (single function)5





























ϑΩΟΧΠ ΘΤΟΓΕϑΧΠΚΕΧΝ ΥΘΩΤΕΓ ς[ΡΓ ΘΗΟΧΕϑΚΠΓ ΤΓΥΡΘΠΥΓ ΧΠΦ ΚΠΚςΚΧςΚΠΙ ΕΘΠςΤΘΝ ΥΘΩΤΕΓ ςϑΓ ΘΤΚΙΚΠ ΘΗ
ΕΘΠςΤΘΝ ΚΠΗΘΤΟΧςΚΘΠ #Υ ΕΧΠ ∆Γ ΥΓΓΠ ΚΠ 6Χ∆ΝΓ  ∃ΤΚΙϑς  ΝΚΥςΥ ςϑΓ ΦΚΗΗΓΤΓΠς ΝΓΞΓΝΥ ΚΠςΘ ςϑΤΓΓ
ΕΧςΓΙΘΤΚΓΥ ΦΓΡΓΠΦΚΠΙ ΘΠ ΨϑΘ ΚΥ ΚΠΚςΚΧςΚΠΙ ςϑΓ ΕΘΠςΤΘΝ ςϑΓ ϑΩΟΧΠ  ςϑΓ ϑΩΟΧΠ ςΘΙΓςϑΓΤ ΨΚςϑ
ΧΩςΘΟΧςΚΘΠ ΘΤ ςϑΓ ΧΩςΘΟΧςΚΘΠ  +Π ΓΧΕϑΘΗ ςϑΘΥΓ ςΧΥΜΥ∃ΤΚΙϑς ΝΚΥςΥ ΨϑΧς ς[ΡΓ ΘΗΟΧΕϑΚΠΓ
ΤΓΥΡΘΠΥΓςϑΧςΕΧΠ∆ΓΓΖΡΓΕςΓΦ
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6Χ∆ΝΓ.ΓΞΓΝΥΘΗΧΩςΘΟΧςΚΕΚς[/ΧΤΥϑΧΠΦ/ΧΠΠΧΤΚ
Hand tools and manual
machines
E.g. Pliers, hammer, files, etc.
Powered machines and
tools
Muscles are replaced for the basic machine function, but machine action and control are
completely dependent on the operator. Uses mechanical power, but man positions work and




Completes an action when initiated by an operator. Operator must set up, load, initiate actions,
adjust, and unload. E.g. Production machines without accessory automatic control system,
grinder, planer, lathe, etc.
Automatic repeating
cycle
At this level, all energy is mechanized. The automation carries out routine instructions without
aid by the human. Starts cycle and repeat actions automatically – self-feeding. Loads, goes
through sequence of operations, and unloads to next station or machine. No self-correction but
obeys internal program such as cams, tapes, or cards. E.g. engine production lines, self-feed
press lines, automatic copying lathe, etc.
Feedback  by self-
measuring and self-
adjusting
Measures and compares results to desired state and adjusts to minimize error. Although
feedback control of the actual surface of the Workpiece is preferable, positional control of the
machine table or tools is of great value. E.g. feed-back from product, automatic sizing grinders,
size-controlled honing machines, process controllers, etc.
Computer control and
automatic cognition
Computer monitors multiply factors on which machine or process performance is predicated –
















6ϑΓ ΚΠςΓΤΟΓΦΚΧςΓ .Θ# ΚΥ ΥΓΟΚΧΩςΘΟΧςΓΦ ΧΠΦ ΕΘΠΥΚΥςΥ ΘΗ ΕΘΝΝΧ∆ΘΤΧςΚΘΠ ∆ΓςΨΓΓΠ ςϑΓ ϑΩΟΧΠ ΧΠΦ ςϑΓ
ςΓΕϑΠΘΝΘΙΚΕΧΝΥΩΡΡΘΤςςΘΧΕϑΚΓΞΓςϑΓςΧΥΜ6ϑΓϑΚΙϑΓΥςΝΓΞΓΝΘΗΡϑ[ΥΚΕΧΝΧΩςΘΟΧςΚΘΠΚΥΧΩςΘΟΧςΓΦΨϑΚΕϑ
ΓΖΕΝΩΦΓςϑΓϑΩΟΧΠΗΤΘΟΕΘΠΦΩΕςΚΠΙςϑΓΡϑ[ΥΚΕΧΝςΧΥΜΥ(ΤΘΟςϑΓΤΓΞΚΓΨΘΗΕΘΟΡΩςΓΤΚ∴ΓΦςΧΖΘΠΘΟΚΓΥΚς
ΕΧΠ∆ΓΥΓΓΠ ςϑΧς ςϑΓΤΓΧΤΓ ΚΠ ςϑΓΟΧΚΠΝ[ ςΨΘΨΧ[ΥΘΗΞΚΓΨΚΠΙ ΝΓΞΓΝΥΘΗ ΕΘΟΡΩςΓΤΚ∴ΓΦΧΩςΘΟΧςΚΘΠ6ϑΓ
ΗΚΤΥςΚΥΥΚΟΚΝΧΤςΘςϑΓΡϑ[ΥΚΕΧΝΥΩΡΡΘΤςΧΡΡΤΘΧΕϑ(ΘΕΩΥΚΥΘΠςϑΓΚΠςΓΤΧΕςΚΘΠ∆ΓςΨΓΓΠςϑΓϑΩΟΧΠΧΠΦςϑΓ
ςΓΕϑΠΘΝΘΙ[ ςϑΓΤΓ∆[ ΚΦΓΠςΚΗ[ΚΠΙ ΨϑΧς ςϑΓ ϑΩΟΧΠ ΧΠΦ ςϑΓ ςΓΕϑΠΚΕΧΝ Υ[ΥςΓΟ ΦΘ ΩΠΦΓΤ ΦΚΗΗΓΤΓΠς .Θ#
ΕΘΠΦΚςΚΘΠΥΧΠΦϑΘΨςϑΓ[ΥϑΘΩΝΦΕΘΘΡΓΤΧςΓ6ϑΚΥΧΡΡΤΘΧΕϑΡΤΘΟΘςΓΦΓΙ∆[5ϑΓΤΚΦΧΠϑΧΥΘΗςΓΠ
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ΘΠΨϑΧςΥςΓΡΘΗ ςϑΓ ΚΠΗΘΤΟΧςΚΘΠΡΤΘΕΓΥΥΚΠΙ ΚΥ ΥΩΡΡΘΤςΓΦ2ΧΤΧΥΩΤΧΟΧΠ Γς ΧΝ ΧΠΦ−Χ∆ΓΤΓς ΧΝ
ΡΤΓΥΓΠςΥΧςΧΖΘΠΘΟ[∆ΧΥΓΦΘΠςϑΓΥΩΡΡΘΤςςϑΓςΓΕϑΠΚΕΧΝΥ[ΥςΓΟΕΘΩΝΦΙΚΞΓςϑΓϑΩΟΧΠΧςΦΚΗΗΓΤΓΠς
ΥςΧΙΓΥ ∆[ ΟΓΧΠΥ ΘΗ ΓΖΡΓΤς Υ[ΥςΓΟΥ ΗΘΤ ΟΘΤΓ ΓΗΗΚΕΚΓΠς ΚΠΗΘΤΟΧςΚΘΠ ΡΤΘΕΓΥΥΚΠΙ #Υ ΠΘςΓΦ ∆[ ∃ΚΝΝΚΠΙΥ
ςϑΓΝΓΞΓΝΘΗΕΘΟΡΩςΓΤΚ∴ΓΦΧΩςΘΟΧςΚΘΠΚΥΧΦΚΞΚΥΚΘΠΘΗςΧΥΜΥ∆ΓςΨΓΓΠςϑΓϑΩΟΧΠΧΠΦςϑΓςΓΕϑΠΚΕΧΝ
Υ[ΥςΓΟ +ςΚΥ ΚΟΡΘΤςΧΠςςΘΠΘςΓ ΚΠΝΚΠΓΨΚςϑΓΙ5ϑΓΤΚΦΧΠ ςϑΧς ςϑΓ ΤΘΝΓΘΗ ςϑΓΘΡΓΤΧςΘΤΕΧΠΞΧΤ[
ΦΓΡΓΠΦΚΠΙ ΘΠ ςϑΓ ΝΓΞΓΝ ΘΗ ΕΘΟΡΩςΓΤΚ∴ΓΦ ΥΩΡΡΘΤς #Υ ΥΓΓΠ ΚΠ ςϑΓ ΤΓΞΚΓΨ Κς ΕΧΠ ∆Γ ΧΠ ΧΦΞΧΠςΧΙΓ ςΘ
ΥΓΡΧΤΧςΓ ςϑΓ Ρϑ[ΥΚΕΧΝ ΧΠΦ ΕΘΙΠΚςΚΞΓ ςΧΥΜΥ ΨϑΓΠ ΧΥΥΓΥΥΚΠΙ ςϑΓ ΝΓΞΓΝ ΘΗ ΧΩςΘΟΧςΚΘΠ ∋ΞΓΠ ΥΘ ΚΠ Χ
ΟΧΠΩΗΧΕςΩΤΚΠΙ ΕΘΠςΓΖς ΕΘΠΥΚΥςΚΠΙ ΘΗ ΧΟΚΖ ΘΗ ∆ΘςϑΟΓΕϑΧΠΚ∴ΓΦ ΧΠΦ ΕΘΟΡΩςΓΤΚ∴ΓΦ ΥΩΡΡΘΤς ςϑΓΤΓ ΚΥ Χ
ΠΓΓΦΘΗΧΥΥΓΥΥΚΠΙ∆ΘςϑΡΓΤΥΡΓΕςΚΞΓΥ∃ΤΚΙϑςΧΠΦ/ΧΤΕϑ	/ΧΠΠΧΤΚΦΚΦςϑΧς∆[ΦΓΗΚΠΚΠΙςϑΓ








ςΧΥΜΥΘΗ ΧΝΝ ς[ΡΓΥ∆ΓςΨΓΓΠ ςϑΓ ϑΩΟΧΠ ΧΠΦϑΓΤ ςΓΕϑΠΘΝΘΙΚΕΧΝ ΥΩΡΡΘΤς1Π ςϑΓΘςϑΓΤ ϑΧΠΦ ΧΩςΘΟΧςΚΘΠ
ΨΚςϑΚΠ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΚΥ ΙΓΠΓΤΧΝΝ[ ΗΘΕΩΥΓΦ ΘΠ ΟΓΕϑΧΠΚΕΧΝ ΕΘΟΡΘΠΓΠςΥ ΧΠΦ Ρϑ[ΥΚΕΧΝ ςΧΥΜ ΧΝΝΘΕΧςΚΘΠ
ΥςΤΧςΓΙΚΓΥ ΥΩΕϑ ΧΥ ςϑΓ ςΧΥΜ ΘΗ ΧΥΥΓΟ∆ΝΚΠΙ ςϑΓ ΡΝΚΠςϑ ΘΤ ςϑΓ ΤΘΝΝ ΗΤΘΠς ΚΠ ςϑΓ ΗΘΤςϑΕΘΟΚΠΙ ΓΟΡΚΤΚΕΧΝ
ΓΖΧΟΡΝΓ ∋ΞΓΠ ΚΗ ΟΧΠ[ ΘΗ ςϑΘΥΓ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΡΤΘΕΓΥΥΓΥ ΥΓΓΟ ΘΠΝ[ ςΘ ΚΠΞΘΝΞΓ ΧΩςΘΟΧςΚΘΠ ΘΗ
ΟΓΕϑΧΠΚΕΧΝ ςΧΥΜΥ ΟΘΥς ΘΗ ςϑΘΥΓ ςΧΥΜΥ ΧΤΓ ΕΘΠςΤΘΝΝΓΦ ΘΤ ΥΩΡΓΤΞΚΥΓΦ ∆[ ΕΘΟΡΩςΓΤΥ ΗΘΤ ΘΡςΚΟΧΝ
ΡΓΤΗΘΤΟΧΠΕΓΘΞΓΤ ςΚΟΓ ΓΙ ςϑΓϑ[ΦΤΧΩΝΚΕ ΥΕΤΓΨΦΤΚΞΓΤΥ ςϑΧςΧΤΓΡΤΘΙΤΧΟΟΓΦςΘ ςΚΙϑςΓΠ ςϑΓΥΕΤΓΨςΘΧ












ςΧΥΜΥ ΓΙ ∃ΚΝΝΚΠΙΥ  ∋ΠΦΥΝΓ[  ΧΠΦ 5ϑΓΤΚΦΧΠ  ΘΤ ΘΠ ςϑΓ ΟΧΠΠΚΠΙ ΝΓΞΓΝ ΧΤΘΩΠΦ ςϑΓ
ΟΧΕϑΚΠΓΥΓΙ)ΤΘΘΞΓΤ
∃[∆ΤΓΧΜΚΠΙΦΘΨΠΧΕςΚΞΚςΚΓΥΚΠςΘΡϑ[ΥΚΕΧΝΧΠΦΕΘΙΠΚςΚΞΓςΧΥΜΥΨϑΚΝΓΥςΚΝΝΧΕΜΠΘΨΝΓΦΙΚΠΙςϑΓΕΘΘΡΓΤΧςΚΘΠ
∆ΓςΨΓΓΠ ϑΩΟΧΠ ΧΠΦ ςΓΕϑΠΘΝΘΙ[ Κς ΕΧΠ ∆Γ ΩΥΓΗΩΝ ςΘ ΕΘΠΥΚΦΓΤ ςϑΓ ςΧΥΜ ΧΝΝΘΕΧςΚΘΠ ΧΥ ςΨΘ ΚΠΦΓΡΓΠΦΓΠς
ΤΓΗΓΤΓΠΕΓ ΥΕΧΝΓΥ ΤΓΝΧςΚΠΙ ςΘ ςϑΓ ςΨΘ ΜΚΠΦΥ ΘΗ ΝΓΞΓΝ ΘΗ ΧΩςΘΟΧςΚΘΠ ∋ΧΕϑ ΘΗ ςϑΘΥΓ ςΧΥΜΥ ΕΧΠ ςϑΓΠ ∆Γ
ΘΤΦΓΤΓΦΚΠΥΓΞΓΠΥςΓΡΥΗΤΘΟςΘςΧΝΝ[ΟΧΠΩΧΝΕΘΠςΤΘΝςΘΗΩΝΝ[ΧΩςΘΟΧςΚΕςΧ∆ΝΓ
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6Χ∆ΝΓ.Θ#ΥΕΧΝΓΥΗΘΤΕΘΟΡΩςΓΤΚ∴ΓΦΧΠΦΟΓΕϑΧΠΚ∴ΓΦςΧΥΜΥΨΚςϑΚΠΟΧΠΩΗΧΕςΩΤΚΠΙ
LoA Mechanical and Equipment Information and Control
1 Totally manual - Totally manual work, no tools are
used, only the users own muscle power. E.g. The
users own muscle power
Totally manual - The user creates his/her own understanding
for the situation, and develops his/her course of action based
on his/her earlier experience and knowledge. E.g. The users
earlier experience and knowledge
2 Static hand tool - Manual work with support of
static tool. E.g. Screwdriver
Decision giving - The user gets information on what to do, or
proposal on how the task can be achieved. E.g. Work order
3 Flexible hand tool - Manual work with support of
flexible tool. E.g. Adjustable spanner
Teaching - The user gets instruction on how the task can be
achieved. E.g. Checklists, manuals
4 Automated hand tool - Manual work with support of
automated tool. E.g. Hydraulic bolt driver
Questioning - The technology question the execution, if the
execution deviate from what the technology consider being
suitable. E.g. Verification before action
5 Static machine/workstation - Automatic work by
machine that is designed for a specific task. E.g.
Lathe
Supervision - The technology calls for the users’ attention,
and direct it to the present task. E.g. Alarms
6 Flexible machine/workstation - Automatic work by
machine that can be reconfigured for different tasks.
E.g. CNC-machine
Intervene - The technology takes over and corrects the
action, if the executions deviate from what the technology
consider being suitable. E.g. Thermostat
7 Totally automatic - Totally automatic work, the
machine solve all deviations or problems that occur
by it self. E.g. Autonomous systems
Totally automatic - All information and control is handled by






ΧΩςΘΟΧςΚΘΠ ΗΘΤ Ρϑ[ΥΚΕΧΝ ΧΠΦ ΕΘΙΠΚςΚΞΓ ΥΩΡΡΘΤς ΕΧΠ ΞΧΤ[ ΦΓΡΓΠΦΚΠΙ ΘΠ ςϑΓ ΠΓΓΦ ΗΤΘΟ ςϑΓ ϑΩΟΧΠ
(ΩΤςϑΓΤ∆[ΩΥΚΠΙςϑΓςΧΖΘΠΘΟ[ΡΤΓΥΓΠςΓΦΚΠςΧ∆ΝΓΧΥΧ∆ΧΥΓΗΘΤΧΟΓΧΥΩΤΓΟΓΠςΥΟΓςϑΘΦΘΝΘΙ[ΟΚΙϑς




































































6ϑΓ ΕΧ∆ΚΠΓς ϑΧΥ ςΘ ∆Γ ςΩΤΠΓΦ ΗΘΤ ςϑΓ ΤΓΟΧΚΠΚΠΙ ΧΥΥΓΟ∆Ν[ 6ϑΚΥ ΚΥ ΦΘΠΓ ∆[ Χ ΤΘ∆Θς ΥΚΠΕΓ ςϑΓ ςΧΥΜ ΚΥ




#ΗςΓΤ ςϑΓΧΥΥΓΟ∆Ν[ΘΗ ςϑΓ ΤΘΝΝ ΗΤΘΠς ςϑΓΕΧ∆ΚΠΓς ΚΥ ςΩΤΠΓΦΧΠΦ ΥϑΓΝΞΓΥΧΤΓ ΧΥΥΓΟ∆ΝΓΦ ΚΠςΘ ςϑΓΕΧ∆ΚΠΓς








6ϑΓ ΗΚΠΧΝ ΥςΓΡ ΘΗ ΧΥΥΓΟ∆Ν[ ΚΥ ςΘ ΓΣΩΚΡ ςϑΓ ΘΗΗΚΕΓ ΕΧ∆ΚΠΓς ΧΕΕΘΤΦΚΠΙ ςΘ ςϑΓ ΕΘΥςΩΟΓΤΥ∂ ΦΓΟΧΠΦΥ6ϑΓ
ΘΡΓΤΧςΘΤΥΧςςϑΓΨΘΤΜΥςΧςΚΘΠΙΓςςϑΓΚΤΚΠΥςΤΩΕςΚΘΠΥΗΤΘΟςϑΓΧςςΧΕϑΓΦΘΤΦΓΤΗΘΤΟΘΠϑΘΨςϑΓΕΧ∆ΚΠΓςΨΚΝΝ
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∆ΓΓΣΩΚΡΡΓΦ∃ΧΥΓΦΘΠςϑΓΘΤΦΓΤΗΘΤΟςϑΓΘΡΓΤΧςΘΤΓΣΩΚΡΥςϑΓΕΧ∆ΚΠΓςΨΚςϑΥϑΓΝΞΓΥΦΘΘΤΥΕΧΥΓΥΓςΕ
6ϑΓΧΥΥΓΟ∆Ν[ΘΗςϑΓΦΚΗΗΓΤΓΠςΓΣΩΚΡΟΓΠςΥΚΥΦΘΠΓ∆[ϑ[ΦΤΧΩΝΚΕΥΕΤΓΨΦΤΚΞΓΤΥΧΠΦΥΚΠΕΓςϑΓςΘΤΣΩΓΚΥΘΗ















1 Application of glue on base of the office cabinet 6 5
2 Application of plinth on base of the office cabinet 4 5
3 Assembly of cabinet roll front 1 2
4 Turning office cabinet from upside-down 5 5
5 Assembly of shelves 4 3
6 Assembly of cabinet roll front strips 6 5
7 Equipping the office cabinet 4 4

(ΩΤςϑΓΤ ∆[ ΚΦΓΠςΚΗ[ΚΠΙ ςϑΓ ΥΩ∆ςΧΥΜΥ ∆ΧΥΓΦ ΘΠ ςϑΓ ΟΧΚΠ ςΧΥΜ ΗΘΤ ΓΧΕϑ ΘΗ ςϑΓ ΥΓΞΓΠΨΘΤΜΥςΧςΚΘΠΥ ςϑΓ





Workstation 2 Physical task Cognitive task
Human %ΘΤΤΓΕςΧΠΦΘΤΕΘΠΦΩΕςςϑΓΧΥΥΓΟ∆Ν[ΚΗ










ΡΚΕΜΓΦ ΗΘΤ ΧΥΥΓΟ∆Ν[ ∆ΧΥΓΦ ΘΠ ςϑΓ
ΕΘΠςΤΘΝΡΤΘΙΤΧΟ
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6ϑΓΡϑ[ΥΚΕΧΝςΧΥΜΗΘΤςϑΓΧΩςΘΟΧςΚΘΠΚΥΚΠςϑΓΗΚΤΥςΥςΓΡΚΥςΘΡΘΥΚςΚΘΠςϑΓΕΧ∆ΚΠΓς∆ΓΗΘΤΓςϑΓΡΝΚΠςϑΕΧΠ∆Γ
ΧΥΥΓΟ∆ΝΓΦ#ΕΕΘΤΦΚΠΙΕΧΠςΘςϑΓΤΓΗΓΤΓΠΕΓΥΕΧΝΓΚΠςΧ∆ΝΓΗΘΤςϑΓΡϑ[ΥΚΕΧΝςΧΥΜΕΧΠςϑΓ.Θ#∆ΓΧΥΥΓΥΥΓΥ
ΧΥ.Θ#/	∋  ΥΚΠΕΓ ςϑΓΨΘΤΜΥςΧςΚΘΠ ΚΥΦΓΥΚΙΠΓΦ ΗΘΤ ςϑΓ ΥΡΓΕΚΗΚΕ ςΧΥΜΘΗΡΘΥΚςΚΘΠΚΠΙ ςϑΓ ΕΧ∆ΚΠΓς 6ϑΓ
ΥΧΟΓ ςΧΥΜ ΕΧΠ ΧΕΕΘΤΦ ςϑΓ ΕΘΙΠΚςΚΞΓ ΤΓΗΓΤΓΠΕΓ ΥΕΧΝΓ ΚΠ ςΧ∆ΝΓ  ∆Γ ΧΥΥΓΥΥΓΦ ΧΥ .Θ# +	%   ΥΚΠΕΓ
ΧΩςΘΟΧςΚΘΠ ΚΠςΓΤΞΓΠΓ ΧΠΦ ΕΘΤΤΓΕςΥ ςϑΓ ΡΘΥΚςΚΘΠΚΠΙ ΘΗ ςϑΓ ΕΧ∆ΚΠΓς ΚΗ Κς ΚΥ ΠΓΕΓΥΥΧΤ[0ΓΖς ςΧΥΜ ΗΘΤ ςϑΓ
ΧΩςΘΟΧςΓΦΨΘΤΜΥςΧςΚΘΠΚΥςΘΡΚΕΜςϑΓΡΝΚΠςϑΗΤΘΟςϑΓΡΝΚΠςϑΥςΘΕΜ#ΕΕΘΤΦΚΠΙΕΧΠςΘςϑΓΤΓΗΓΤΓΠΕΓΥΕΧΝΓ




ςϑΓΤΩ∆∆ΓΤϑΧΟΟΓΤΧΠΦΧς.Θ#/	∋  ΨΚςϑΥΩΡΡΘΤςΘΗ ςϑΓΤΩ∆∆ΓΤϑΧΟΟΓΤ∃[ΩΥΚΠΙ ςϑΓΕΘΙΠΚςΚΞΓ
ΤΓΗΓΤΓΠΕΓ ΥΕΧΝΓ ΘΠ ςϑΓ ΥΧΟΓ ΓΖΧΟΡΝΓ ΘΗ ΡΚΕΜΚΠΙ ςϑΓ ΡΝΚΠςϑ ΗΤΘΟ ςϑΓ ΥςΘΕΜ ΧΠΦ ΧΥΥΓΟ∆Ν[ Κς ΕΧΠ ∆Γ
ΦΓςΓΤΟΚΠΓΦ ςϑΧς ςϑΓ ΕΘΙΠΚςΚΞΓ .Θ# ΕΘΤΤΓΥΡΘΠΦΥ ςΘ .Θ#+	%  ΥΚΠΕΓ ςϑΓ ΤΘ∆Θς ΥΘΝΩςΚΘΠ ΕΧΝΝΥ ΗΘΤ ςϑΓ
ΘΡΓΤΧςΘΤΥ∂ ΧςςΓΠςΚΘΠ ΚΠ ΕΧΥΓΘΗΟΧΝΗΩΠΕςΚΘΠΚΠΙ1Π ςϑΓΘςϑΓΤ ϑΧΠΦ ΚΗ ςϑΓ ςΧΥΜ ΚΥ ΕΘΠΦΩΕςΓΦΟΧΠΩΧΝΝ[
ΨΚςϑ ΘΤΨΚςϑΘΩς ςϑΓ ΤΩ∆∆ΓΤ ϑΧΟΟΓΤ ςϑΓ ΕΘΙΠΚςΚΞΓ .Θ# ΧΥΥΓΥΥΟΓΠςΨΘΩΝΦ ∆Γ .Θ# +	%  ΥΚΠΕΓ ΠΘ
ΥΩΡΡΘΤς ΚΥ ΙΚΞΓΠ6ϑΓΩΠΦΓΤΥςΧΠΦΚΠΙΗΘΤΧΕϑΚΓΞΚΠΙ ςϑΓ ςΧΥΜ ΚΥ∆ΧΥΓΦΘΠ ςϑΓΘΡΓΤΧςΘΤ∂ΥΘΨΠΓΖΡΓΤΚΓΠΕΓ
ΧΠΦΜΠΘΨΝΓΦΙΓ
#Υ ΠΘςΓΦ ∆[ 2ΤΚΕΓ  ΥΘΟΓ ςΧΥΜΥ ΧΤΓ ΠΓΚςϑΓΤ ΡΘΥΥΚ∆ΝΓ ςΘ ΧΝΝΘΕΧςΓ ςΘ ςϑΓ ϑΩΟΧΠΥ ΠΘΤ ςΘ ςϑΓ
ςΓΕϑΠΘΝΘΙΚΕΧΝ Υ[ΥςΓΟ#Υ ΥΓΓΠ ΚΠ ΗΚΙΩΤΓ  ∆[ 2ΤΚΕΓ  ςϑΓΤΓ ΚΥ ΧΟΧΖΚΟΩΟ ΓΖςΓΠς ΘΗ ςϑΓ ϑΩΟΧΠ
ΕΧΡΧ∆ΚΝΚς[ςΘϑΧΠΦΝΓΥΘΟΓςΧΥΜΥΧΠΦΚΠςϑΓΥΧΟΓΨΧ[ϑΧΥςϑΓςΓΕϑΠΘΝΘΙΚΕΧΝΥ[ΥςΓΟΚςΥΝΚΟΚςΧςΚΘΠΥ.Θ#ΚΥ
ΧΝΥΘ ΠΘς ΥςΧςΚΕ ΘΞΓΤ ςΚΟΓ ∆Ως ΕΧΠ ∆Γ ΟΘΦΚΗΚΓΦ ΧΠΦ ΧΦΧΡς ςΘ ςϑΓ ΕϑΧΠΙΚΠΙ ΕΘΠΦΚςΚΘΠΥ ΗΘΤ ςϑΓ
ΟΧΠΩΗΧΕςΩΤΚΠΙΕΘΠςΓΖς+ςΨΘΩΝΦςϑΓΤΓ∆[∆ΓΥΩΚςΧ∆ΝΓςΘΞΚΓΨςϑΓΝΓΞΓΝΘΗΧΩςΘΟΧςΚΘΠΚΠςΓΤΟΥΘΗΨϑΧςΧΤΓ
ςϑΓΝΚΟΚςΥΘΗΧΩςΘΟΧςΚΘΠΘΤΧΤΓΝΓΞΧΠςΟΧΖΚΟΩΟΧΠΦΟΚΠΚΟΩΟΗΘΤΧΡΧΤςΚΕΩΝΧΤΟΧΕϑΚΠΓΘΤΕΓΝΝ∃ΧΥΓΦ




1ΩΤ ΓΟΡΚΤΚΕΧΝ ΓΖΧΟΡΝΓ ΚΠ ΕϑΧΡςΓΤ  ∆ΧΥΓΦ ΘΠ ΓΧΤΝΚΓΤ ΕΧΥΓ ΥςΩΦΚΓΥ ΥϑΘΨ ςϑΧς ΗΘΤ ςϑΓ ΡΤΧΕςΚΕΧΝ
ΟΧΠΩΗΧΕςΩΤΚΠΙΥΚςΩΧςΚΘΠΧΟΧΖΚΟΩΟΘΤΟΚΠΚΟΧΝΝΓΞΓΝΘΗΧΩςΘΟΧςΚΘΠΚΠΟΧΠ[ΕΧΥΓΥΟΧ[ΡΤΘΞΓΩΠΤΓΧΝΚΥςΚΕ
ΚΠςΓΤΟΥΘΗ ΚΠΞΓΥςΟΓΠςΕΘΥςΓςΕ+Π ςϑΓΓΟΡΚΤΚΕΧΝΕΧΥΓΡΤΓΥΓΠςΓΦΚΠΕϑΧΡςΓΤΧΠΧΥΥΓΥΥΟΓΠςΘΗ.Θ#
∆ΧΥΓΦ ΘΠ ΓΙ ΚΠςΓΤΞΚΓΨΥ ΘΗ ςϑΓ ΡΓΤΥΘΠΠΓΝΨΚΝΝ ΠΘς ΤΓΞΓΧΝ ςϑΓ ≥ΤΓΧΝ× ΟΧΖΚΟΩΟΘΗ ςϑΓ .Θ# ΚΠΥςΓΧΦ Χ
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6Χ∆ΝΓ4ΓΝΓΞΧΠςΟΧΖΚΟΩΟΧΠΦΟΚΠΚΟΩΟΘΗ.Θ#ΗΘΤΧΡΧΤςΚΕΩΝΧΤΟΧΕϑΚΠΓΘΤΕΓΝΝ
Mechanical and Equipment
LoA Workstn. 1 Workstn.  2 Workstn. 3 Workstn. 4 Workstn. 5 Workstn. 6 Workstn. 7
7
6 Relevant max Relevant max Relevant max Relevant max
5 Relevant min
4 Relevant max Relevant min Relevant max
3
2 Relevant min Relevant max Relevant min
1 Relevant min Relevant min Relevant min
Information and Control
LoA Workstn. 1 Workstn.  2 Workstn. 3 Workstn. 4 Workstn. 5 Workstn. 6 Workstn. 7
7
6
5 Relevant max Relevant max Relevant max Relevant max Relevant max Relevant max
4 Relevant min Relevant min
3 Relevant max Relevant min
2 Relevant min Relevant min




6ϑΓ ΤΓΝΓΞΧΠς ΟΧΖΚΟΩΟ .Θ# ΦΓΥΕΤΚ∆ΓΥ Χ ΡΘΥΥΚ∆ΝΓ ςΓΕϑΠΚΕΧΝ ΥΚςΩΧςΚΘΠ +ς ΚΥ ΕΘΠΥΚΦΓΤΓΦ ΨϑΓΠ ςϑΓ
















ςϑΓ  ΡΤΓΞΚΘΩΥ ΤΓΥΓΧΤΕϑ ΧΡΡΤΘΧΕϑΓΥ ΚΠ ΧΤΓΧΥ ΥΩΕϑ ΧΥ ΧΞΚΧςΚΘΠ ΧΠΦ ςΓΝΓΤΘ∆ΘςΚΕΥ ϑΧΞΓ ∆ΓΓΠ ΡΤΚΟΧΤΚΝ[
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ΕΘΠΕΓΤΠΓΦΨΚςϑ ΕΘΙΠΚςΚΞΓ ΧΩςΘΟΧςΚΘΠ6ϑΓ ΧΚΟΘΗ ςϑΓ ΕΘΙΠΚςΚΞΓ ΧΩςΘΟΧςΚΘΠϑΧΥΘΗςΓΠ∆ΓΓΠ ΧΚΟΚΠΙ ςΘ
ΥΡΓΓΦΩΡΚΠΗΘΤΟΧςΚΘΠΗΝΘΨΧΠΦςΘΡΤΘΞΚΦΓΦΓΕΚΥΚΘΠΥΩΡΡΘΤςςϑΩΥΥΩΡΡΘΤςΚΠΙςϑΓΘΡΓΤΧςΘΤΚΠΟΘΠΚςΘΤΚΠΙ
ςϑΓ ΥΚςΩΧςΚΘΠ ∗ΘΨΓΞΓΤ ΗΤΘΟ Χ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΡΓΤΥΡΓΕςΚΞΓ Κς ΚΥ ΚΟΡΘΤςΧΠς ςΘ ΤΓΕΘΙΠΚ∴Γ ΚΠ ΝΚΠΓ ΨΚςϑ
9ΚΝΝΚΧΟΥςϑΧςΟΧΠΩΗΧΕςΩΤΚΠΙΡΤΘΕΓΥΥΓΥΚΠΙΓΠΓΤΧΝΕΘΠΥΚΥςΘΗ∆ΘςϑΡϑ[ΥΚΕΧΝςΧΥΜΥΓΙΤΓΡΝΧΕΓΟΓΠς
ΘΤΥΩΡΡΘΤςΘΗϑΩΟΧΠΟΩΥΕΝΓΡΘΨΓΤΧΥΨΓΝΝΧΥΕΘΙΠΚςΚΞΓςΧΥΜΥΓΙΕΧΤΤ[ΚΠΙΘΩςΕΘΠςΤΘΝΧΠΦΚΠΗΘΤΟΧςΚΘΠ
ςΧΥΜΥ (ΩΤςϑΓΤ ςϑΚΥ ΧΡΡΤΘΧΕϑ ΚΥ ΧΝΥΘ ΚΠ ΝΚΠΓΨΚςϑ ∃ΤΚΙϑς  ΧΠΦ/ΧΤΥϑ ΧΠΦ/ΧΠΠΧΤΚ  ΨϑΘ
ΕΘΠΕΝΩΦΓΦ ςϑΧς ςϑΓ ΟΧΠΩΗΧΕςΩΤΚΠΙ ΕΘΠςΓΖς ΕΘΠΥΚΥςΥ ΘΗ Χ ΟΚΖ ΘΗ ∆Θςϑ ΟΓΕϑΧΠΚ∴ΓΦ Ρϑ[ΥΚΕΧΝ ΧΠΦ
ΕΘΟΡΩςΓΤΚ∴ΓΦΕΘΙΠΚςΚΞΓςΧΥΜΥ
6ϑΚΥ ΚΠΦΚΕΧςΓΥ ΧΡΘςΓΠςΚΧΝ ΚΠ ΕΘΟ∆ΚΠΚΠΙ ΤΓΥΩΝςΥ ΗΤΘΟΟΩΝςΚΡΝΓ ΗΚΓΝΦΥΘΗ ΤΓΥΓΧΤΕϑ ςΘ ΧΤΤΚΞΓ Χς Χ ΤΓΝΓΞΧΠς
ΦΓΥΕΤΚΡςΚΘΠΘΗςϑΓΧΕςΩΧΝΧΩςΘΟΧςΚΘΠΥΚςΩΧςΚΘΠΚΠΟΧΠΩΗΧΕςΩΤΚΠΙΕΘΠςΓΖςΥ
6ϑΓΤΓΞΚΓΨΥϑΘΨΥΡΤΘΗΘΩΠΦΥΩΡΡΘΤςΗΘΤςΤΓΧςΚΠΙΧΩςΘΟΧςΚΘΠΧΥΧΕΘΠςΚΠΩΩΟΘΗΧΩςΘΟΧςΚΘΠΝΓΞΓΝΥΗΤΘΟ
ςϑΓ ΝΘΨΓΥς ΝΓΞΓΝ ΘΗ ΗΩΝΝ[ΟΧΠΩΧΝΡΓΤΗΘΤΟΧΠΕΓ ∆ΧΥΓΦΘΠ ςϑΓ ΕΧΡΧ∆ΚΝΚςΚΓΥΘΗ ςϑΓ ϑΩΟΧΠ ςΘ ςϑΓϑΚΙϑΓΥς
ΝΓΞΓΝ ΘΗ ΗΩΝΝ ΧΩςΘΟΧςΚΘΠ ΨΚςϑΘΩς ΧΠ[ϑΩΟΧΠ ΚΠΞΘΝΞΓΟΓΠς6ϑΓΤΓ∆[ Κς ΕΧΠ∆Γ ΧΤΙΩΓΦΨΚςϑ ΥΩΡΡΘΤςΘΗ
ΓΧΤΝΚΓΤ ΤΓΥΓΧΤΕϑ∆[∋ΠΦΥΝΓ[  +ΠΧΙΧΜΚ 2ΧΤΧΥΩΤΧΟΧΠΓςΧΝΧΠΦ5ϑΓΤΚΦΧΠ ςϑΧς
ΧΩςΘΟΧςΚΘΠΚΥΠΘςΧΝΝΘΤΠΘςϑΚΠΙ
∃[∆ΤΓΧΜΚΠΙΦΘΨΠςϑΓΧΕςΚΞΚςΚΓΥΚΠΝΚΠΓΨΚςϑ9ΚΝΝΚΧΟΥΚΠςΘΡϑ[ΥΚΕΧΝΧΠΦΕΘΙΠΚςΚΞΓςΧΥΜΥΨϑΚΝΓΥςΚΝΝ
ΧΕΜΠΘΨΝΓΦΙΚΠΙ ςϑΓ ΕΘΘΡΓΤΧςΚΘΠ ∆ΓςΨΓΓΠ ςϑΓ ϑΩΟΧΠ ΧΠΦ ςϑΓ ςΓΕϑΠΚΕΧΝ Υ[ΥςΓΟ Κς ΕΧΠ ∆Γ ΤΓΝΓΞΧΠς ςΘ
ΕΘΠΥΚΦΓΤςϑΓΧΝΝΘΕΧςΚΘΠΘΗςΧΥΜΥΧΥςΨΘΚΠΦΓΡΓΠΦΓΠςΤΓΗΓΤΓΠΕΓΥΕΧΝΓΥΘΗ.Θ#ΤΓΝΧςΚΠΙςΘςϑΓΕΘΙΠΚςΚΞΓΧΠΦ




ΥΩΡΡΘΤς ΕΧΠ ∆Γ ΧΥΥΓΥΥΓΦ ΚΠ ςϑΓ ΥΧΟΓ ςΧΖΘΠΘΟ[ 5ΚΠΕΓ ςϑΓ ςΨΘ ΤΓΗΓΤΓΠΕΓ ΥΕΧΝΓΥ ΗΘΤ ςϑΓ ΧΥΥΓΥΥΟΓΠς ΘΗ
Ρϑ[ΥΚΕΧΝΧΠΦΕΘΙΠΚςΚΞΓΥΩΡΡΘΤςΧΤΓΚΠΦΓΡΓΠΦΓΠςςϑΓΝΓΞΓΝΘΗΧΩςΘΟΧςΚΘΠΘΗΡϑ[ΥΚΕΧΝΧΠΦΕΘΙΠΚςΚΞΓςΧΥΜΥ
ΕΧΠΞΧΤ[ΦΓΡΓΠΦΚΠΙΘΠςϑΓΚΠΦΚΞΚΦΩΧΝϑΩΟΧΠΠΓΓΦΥ
∗ΘΨΓΞΓΤΧΥΠΘςΓΦ∆[2ΤΚΕΓ ΧΠΦ9ΚΝΝΚΧΟΥΥΘΟΓ ςΧΥΜΥΧΤΓΠΘςΡΘΥΥΚ∆ΝΓςΘΧΝΝΘΕΧςΓςΘ ςϑΓ
ϑΩΟΧΠ ΘΤ ςΘ ςϑΓ ςΓΕϑΠΘΝΘΙΚΕΧΝ Υ[ΥςΓΟ #Υ ΥϑΘΨΓΦ ∆[ 9ΚΝΝΚΧΟΥ  ςϑΓΤΓ ΚΥ ΧΠ ΟΧΖΚΟΩΟ  ΧΠΦ
ΟΚΠΚΟΩΟΓΖςΓΠςΘΗςϑΓϑΩΟΧΠΧΥΨΓΝΝΧΥςϑΓςΓΕϑΠΘΝΘΙΚΕΧΝΕΧΡΧ∆ΚΝΚς[ςΘϑΧΠΦΝΓΦΚΗΗΓΤΓΠςςΧΥΜΥ∃ΧΥΓΦΘΠ
ςϑΓΟΘΦΓΝΘΗΝΚΟΚςΧςΚΘΠΥ∆[9ΚΝΝΚΧΟΥΧΠΦςϑΓΕΧΥΓΥΥςΩΦΚΓΥΨΚςϑΚΠςϑΚΥςϑΓΥΚΥΚςΕΧΠ∆ΓΠΘςΓΦςϑΧς






ΥΓΟΚΧΩςΘΟΧςΓΦ ΟΧΠΩΗΧΕςΩΤΚΠΙ Υ[ΥςΓΟΥ (ΤΘΟ Χ ΝΚςΓΤΧςΩΤΓ ΤΓΞΚΓΨ ΡΓΤΗΘΤΟΓΦ ΧΕΤΘΥΥ ΦΚΥΕΚΡΝΚΠΓΥ ΧΠΦ
ΚΠΦΩΥςΤΚΧΝ ΥΓΕςΘΤΥ ΚςΨΧΥ ΕΘΠΕΝΩΦΓΦ ςϑΧς ΝΓΞΓΝΥΘΗ ΧΩςΘΟΧςΚΘΠΨΚςϑΚΠΟΧΠΩΗΧΕςΩΤΚΠΙ ΙΓΠΓΤΧΝΝ[ ΦΘΓΥΠΘς





ΧΩςΘΟΧςΚΘΠ ΕΧΠ ∆Γ ΚΦΓΠςΚΗΚΓΦ 6ϑΓ ΤΓΥΩΝςΚΠΙ ΧΥΥΓΥΥΟΓΠς ΕΧΠ ∆Γ ΩΥΓΦ ςΘ ΚΠΕΤΓΧΥΓ ςΘςΧΝ ΟΧΠΩΗΧΕςΩΤΚΠΙ
Υ[ΥςΓΟΡΓΤΗΘΤΟΧΠΕΓ
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#%−019.∋&)∋/∋065
6ϑΚΥΡΧΡΓΤΕΘΠςΧΚΠΥΤΓΥΩΝςΥΗΤΘΟςϑΓ&;0#/1ΡΤΘΛΓΕς6ϑΓΧΩςϑΘΤΥΧΤΓΦΓΓΡΝ[ΙΤΧςΓΗΩΝςΘςϑΓ5ΨΓΦΚΥϑ


















&ΤΧΡΓΤ ,8  6ΓΝΓΘΡΓΤΧςΘΤΥ ΗΘΤ #ΦΞΧΠΕΓΦ /ΧΠΩΗΧΕςΩΤΚΠΙ #ΡΡΝΚΕΧςΚΘΠΥ ΧΠΦ ϑΩΟΧΠ (ΧΕςΘΤΥ
%ϑΧΝΝΓΠΙΓΥ6ϑΓ+ΠςΓΤΠΧςΚΘΠΧΝ,ΘΩΤΠΧΝΘΗ∗ΩΟΧΠ(ΧΕςΘΤΥΚΠ/ΧΠΩΗΧΕςΩΤΚΠΙ8ΘΝ0ΘΡΡ
&ΤΩΕΜΓΤ2(/ΧΠΧΙΓΟΓΠς%ϑΧΝΝΓΠΙΓΥΗΘΤςϑΓΥς%ΓΠςΩΤ[∃ΩςςΓΤΨΘΤςϑ∗ΓΚΠΓΟΧΠΠ0ΓΨ;ΘΤΜ75#
&ΩΠΕϑΓΘΠ %  2ΤΘΦΩΕς ΟΚΠΚΧςΩΤΚ∴ΧςΚΘΠ ΤΓΣΩΚΤΓΥ ΧΩςΘΟΧςΚΘΠ  ∆Ως ΨΚςϑ Χ ΥςΤΧςΓΙ[ #ΥΥΓΟ∆Ν[
#ΩςΘΟΧςΚΘΠ8ΘΝ0ΘΡΡ
∋ΠΕ[ΕΝΘΡΓΦΚΧ ∃ΤΚςΧΠΠΚΕΧ  ∋ΠΕ[ΕΝΘΡΓΦΚΧ ∃ΤΚςΧΠΠΚΕΧ 4ΓςΤΚΓΞΓΦ &ΓΕΓΟ∆ΓΤ   ΗΤΘΟ
ϑςςΡΥΓΧΤΕϑΓ∆ΕΘΟΓ∆ΧΤςΚΕΝΓ
∋ΠΦΥΝΓ[/4.ΓΞΓΝΘΗΧΩςΘΟΧςΚΘΠ+ΠςΓΙΤΧςΚΠΙϑΩΟΧΠΥΧΠΦΧΩςΘΟΧςΓΦΥ[ΥςΓΟΥ=ΚΠ?2ΤΘΕΓΓΦΚΠΙΥΘΗ
2ΤΘΕΓΓΦΚΠΙΥ ΘΗ ςϑΓ  Υς #ΠΠΩΧΝ/ΓΓςΚΠΙ ΘΗ ςϑΓ ∗ΩΟΧΠ (ΧΕςΘΤΥ ΧΠΦ ∋ΤΙΘΠΘΟΚΕΥ 5ΘΕΚΓς[ 2ΧΤς  ΘΗ 




∋ΠΦΥΝΓ[ /4 ΧΠΦ −ΚΤΚΥ ∋1  1ΩςΘΗςϑΓΝΘΘΡ ΡΓΤΗΘΤΟΧΠΕΓ ΡΤΘ∆ΝΓΟ ΧΠΦ ΝΓΞΓΝ ΘΗ ΕΘΠςΤΘΝ ΚΠ
ΧΩςΘΟΧςΚΘΠ∗ΩΟΧΠ(ΧΕςΘΤΥ8ΘΝ0ΘΡΡ
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∋ΠΦΥΝΓ[ /4 1ΠΧΝ ∋ ΧΠΦ −Χ∆ΓΤ &∃  6ϑΓ +ΟΡΧΕς ΘΗ ΚΠςΓΤΟΓΦΚΧςΓ ΝΓΞΓΝΥ ΘΗ ΧΩςΘΟΧςΚΘΠ ΘΠ
ΥΚςΩΧςΚΘΠΧΨΧΤΓΠΓΥΥ ΧΠΦΡΓΤΗΘΤΟΧΠΕΓ ΚΠΦ[ΠΧΟΚΕ ΕΘΠςΤΘΝ Υ[ΥςΓΟΥ =ΚΠ? 2ΤΘΕΓΓΦΚΠΙΥ ΘΗ 2ΤΘΕΓΓΦΚΠΙΥ ΘΗ ςϑΓ
+∋∋∋ςϑ%ΘΠΗΓΤΓΠΕΓΘΠ∗ΩΟΧΠ(ΧΕςΘΤΥΧΠΦ2ΘΨΓΤ2ΝΧΠςΥ,ΩΠ1ΤΝΧΠΦΘ(.75# 
(ΚςςΥ 2/  ∗ΩΟΧΠ ∋ΠΙΚΠΓΓΤΚΠΙ ΗΘΤ ΧΠ ∋ΗΗΓΕςΚΞΓ #ΚΤΠΧΞΚΙΧςΚΘΠ ΧΠΦ 6ΤΧΗΗΚΕΕΘΠςΤΘΝ Υ[ΥςΓΟ
.ΘΠΦΘΠ0ΧςΚΘΠΧΝ4ΓΥΓΧΕϑ%ΘΩΠΕΚΝ
(ΤΘϑΟ , −ΧΤΥΞΧΝΝ # ∗ΧΥΥΠΓΤς / 5ςΧϑΤΓ , ΧΠΦ ∗ΘΝΝΠΧΙΓΝ ∋  5[ΥςΓΟ ΡΓΤΥΡΓΕςΚΞΓ ΘΠ ςΧΥΜ
ΧΝΝΘΕΧςΚΘΠΧΠΦΧΩςΘΟΧςΚΘΠΦΓΥΚΙΠ=ΚΠ?5ςΧϑΤΓ ,ΓΦΥ2ΤΘΕΓΓΦΚΠΙΥ ΘΗςϑΥ[ΟΡΘΥΚΩΟΘΠΧΩςΘΟΧςΓΦΥ[ΥςΓΟΥ
∆ΧΥΓΦΘΠϑΩΟΧΠΥΜΚΝΝΥΧΠΦΜΠΘΨΝΓΦΙΓ){ςΓ∆ΘΤΙ5ΨΓΦΓΠ
(ΤΘϑΟ , .ΚΠΦΥςΤ{Ο 8 ΧΠΦ ∃ΓΝΝΙΤΧΠ /  # ΟΘΦΓΝ ΗΘΤ ΡΧΤΧΝΝΓΝ ΝΓΞΓΝΥ ΘΗ ΧΩςΘΟΧςΚΘΠ ΨΚςϑΚΠ











,ΘΤΦΧΠ0 #ΝΝΘΕΧςΚΘΠΘΗ ΗΩΠΕςΚΘΠΥ∆ΓςΨΓΓΠΟΧΠΧΠΦΟΧΕϑΚΠΓΥ ΚΠ ΧΩςΘΟΧςΓΦ Υ[ΥςΓΟΥ ,ΘΩΤΠΧΝ ΘΗ
#ΡΡΝΚΓΦ2Υ[ΕϑΘΝΘΙ[8ΘΝ0ΘΡΡ






−ΚΝ∆Θ 2  2ΤΘΦΩΜςΚΘΠΥΝΘΙΚΜ Η{Τ Η{ΤΓςΧΙ ΓΗςΓΤ ΓΠ ςΤΓΦΛΓ ΚΠΦΩΥςΤΚΓΝΝ ΤΓΞΘΝΩςΚΘΠ +8(ΤΓΡΘΤς 0Θ
/{ΝΠΦΧΝ+8(+ΠΦΩΥςΤΚΧΝ4ΓΥΓΧΤΕϑΧΠΦ&ΓΞΓΝΘΡΟΓΠς%ΘΤΡΘΤΧςΚΘΠ5ΨΦΓΠ
−ΘςϑΧ 5 ΧΠΦ 1ΤΠΓ &.  )ΓΠΓΤΚΕ /ΧΠΩΗΧΕςΩΤΚΠΙ 5ςΤΧςΓΙΚΓΥ # %ΘΠΕΓΡςΩΧΝ 5[ΠςϑΓΥΚΥ 5ςΤΧςΓΙΚΕ
/ΧΠΧΙΓΟΓΠς,ΘΩΤΠΧΝ8ΘΝ0ΘΡΡ
.ΚΠΦΥςΤ{Ο 8 (ΤΘϑΟ , ΧΠΦ ∃ΓΝΝΙΤΧΠ /  &ΓΞΓΝΘΡΚΠΙ ΧΟΓςϑΘΦΘΝΘΙ[ ∆ΧΥΓΦ ΘΠ 8ΧΝΩΓ 5ςΤΓΧΟ
/ΧΡΡΚΠΙΗΘΤςϑΓ/ΓΧΥΩΤΟΓΠςΘΗ#ΩςΘΟΧςΚΘΠ.ΓΞΓΝΥΚΠ2ΤΘΦΩΕςΚΘΠ5[ΥςΓΟΥ=ΚΠ?2ΤΘΕΓΓΦΚΠΙΥΘΗςϑΓΤΦ
+ΠςΓΤΠΧςΚΘΠΧΝ%ΘΠΗΓΤΓΠΕΓΘΠ4ΓΕΘΠΗΚΙΩΤΧ∆ΝΓ/ΧΠΩΗΧΕςΩΤΚΠΙ/Χ[#ΠΠ#Τ∆ΘΤ/ΚΕϑΚΙΧΠ75# 
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/ΧΤΥϑ 4/ ΧΠΦ /ΧΠΠΧΤΚ ∗  6ΓΕϑΠΘΝΘΙ[ ΧΠΦ 5Κ∴Γ ΧΥ &ΓςΓΤΟΚΠΧΠςΥ ΘΗ ςϑΓ 1ΤΙΧΠΚ∴ΧςΚΘΠΧΝ
5ςΤΩΕςΩΤΓΘΗ,ΧΡΧΠΓΥΓ(ΧΕςΘΤΚΓΥ#ΦΟΚΠΚΥςΤΧςΚΞΓ5ΕΚΓΠΕΓ3ΩΧΤςΓΤΝ[8ΘΝ0ΘΡΡ
/ΚΝΙΤΧΟ 2 4ΧΥςΘΙΚ # ΧΠΦ )ΤΘΦΥΜΚ ,  6ΓΝΓΤΘ∆ΘςΚΕ %ΘΠςΤΘΝ 7ΥΚΠΙ #ΩΙΟΓΠςΓΦ 4ΓΧΝΚς[ =ΚΠ?
2ΤΘΕΓΓΦΚΠΙΥ ΘΗςϑ +∋∋∋ +ΠςΓΤΠΧςΚΘΠΧΝ9ΘΤΜΥϑΘΡ ΘΠ4Θ∆Θς ΧΠΦ∗ΩΟΧΠ%ΘΟΟΩΠΚΕΧςΚΘΠ 41/#0 

,ΩΝ[6ΘΜ[Θ,ΧΡΧΠ






2ΧΤΧΥΩΤΧΟΧΠ 4 5ϑΓΤΚΦΧΠ 6∃ ΧΠΦ 9ΚΕΜΓΠΥ %&  # ΟΘΦΓΝ ΗΘΤ ς[ΡΓΥ ΧΠΦ ΝΓΞΓΝΥ ΘΗ ϑΩΟΧΠ
ΚΠςΓΤΧΕςΚΘΠ ΨΚςϑ ΧΩςΘΟΧςΚΘΠ +∋∋∋ ςΤΧΠΥΧΕςΚΘΠΥ ΘΠ Υ[ΥςΓΟ ΟΧΠ ΧΠΦ Ε[∆ΓΤΠΓςΚΕΥ  2ΧΤς # 5[ΥςΓΟΥ ΧΠΦ
ϑΩΟΧΠΥ8ΘΝ0ΘΡΡ
2ΤΚΕΓ∗∋6ϑΓ#ΝΝΘΕΧςΚΘΠΘΗ(ΩΠΕςΚΘΠΥΚΠ5[ΥςΓΟΥ∗ΩΟΧΠ(ΧΕςΘΤΥ8ΘΝ0ΘΡΡ
4ΓΞΓΝΚΘςΚΥ 5#  2ΤΘΦΩΕςΚΘΠ ΡΝΧΠΠΚΠΙ ΧΠΦ ΕΘΠςΤΘΝ ΚΠ ΗΝΓΖΚ∆Ν[ ΧΩςΘΟΧςΓΦΟΧΠΩΗΧΕςΩΤΚΠΙ Υ[ΥςΓΟΥ
ΕΩΤΤΓΠςΥςΧςΩΥΧΠΦΗΩςΩΤΓΤΓΣΩΚΤΓΟΓΠςΥ=ΚΠ?2ΤΘΕΓΓΦΚΠΙΥΘΗςϑΓ+∋∋∋+ΠςΓΤΠΧςΚΘΠΧΝ%ΘΠΗΓΤΓΠΕΓΘΠ4Θ∆ΘςΚΕΥΧΠΦ
#ΩςΘΟΧςΚΘΠ/ΧΤΤΚΘςς∗ΘςΓΝ4ΓΠΧΚΥΥΧΠΕΓ%ΓΠςΓΤ&ΓςΤΘΚς/ΚΕϑΚΙΧΠ75#
4ΘΩΥΓ 9∃ ΧΠΦ 4ΘΩΥΓ 5∗  #ΠΧΝ[ΥΚΥ ΧΠΦ ΕΝΧΥΥΚΗΚΕΧςΚΘΠ ΘΗ ϑΩΟΧΠ ΓΤΤΘΤ +∋∋∋ 6ΤΧΠΥΧΕςΚΘΠΥ ΘΠ
5[ΥςΓΟΥ/ΧΠΧΠΦ%[∆ΓΤΠΓςΚΕΥ5/%ΡΡ
4ΩΗΗ∗#0ΧΤΧ[ΧΠΧΠ 5ΧΠΦ&ΤΧΡΓΤ/∗ ∗ΩΟΧΠ +ΠςΓΤΧΕςΚΘΠΨΚςϑ.ΓΞΓΝΥΘΗ#ΩςΘΟΧςΚΘΠ ΧΠΦ
&ΓΕΚΥΚΘΠ#ΚΦ (ΚΦΓΝΚς[ ΚΠ ςϑΓ 5ΩΡΓΤΞΚΥΘΤ[ %ΘΠςΤΘΝ ΘΗ /ΩΝςΚΡΝΓ 5ΚΟΩΝΧςΓΦ 7ΠΟΧΠΠΓΦ #ΚΤ 8ΓϑΚΕΝΓ
2ΤΓΥΓΠΕΓ8ΘΝ0ΘΡΡ
5ΧςΕϑΓΝΝ2+ΠΠΘΞΧςΚΘΠΧΠΦ#ΩςΘΟΧςΚΘΠ#ΥϑΙΧςΓ.ΘΠΦΘΠ∋ΠΙΝΧΠΦ








5ϑΓΤΚΦΧΠ6∃ ∗ΩΟΧΠΥΧΠΦ#ΩςΘΟΧςΚΘΠ5[ΥςΓΟ&ΓΥΚΙΠΧΠΦ4ΓΥΓΧΤΕϑ +ΥΥΩΓΥ ,ΘϑΠ9ΚΝΓ[	5ΘΠΥ +ΠΕ
5ΧΠςΧ/ΘΠΚΕΧ75#
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9ΚΕΜΓΠΥ%&ΧΠΦ∗ΘΝΝΧΠΦΥ ,)∋ΠΙΚΠΓΓΤΚΠΙΡΥ[ΕϑΘΝΘΙ[ΧΠΦϑΩΟΧΠΡΓΤΗΘΤΟΧΠΕΓ2ΤΓΠςΚΕΓ∗ΧΝΝ7ΡΡΓΤ
5ΧΦΦΝΓ4ΚΞΓΤ0,75#
9ΚΝΝΚΧΟΥ 6,  2∋4# #0& )∋4#/ ∋56#∃.+5∗/∋06 1( 6∗∋ 2.#%∋ 1( 6∗∋
∗7/#0+0∋06∋424+5∋+06∋)4#6+10=ΚΠ?2ΤΘΕΓΓΦΚΠΙΥΘΗ+(#%%ΘΠΙΤΓΥΥ∃ΓΚΛΚΠΙ%ϑΚΠΧ
;ΝΚΡκκ6∗ΚΙϑ4ΓΝΚΧ∆ΚΝΚς[/ΧΠΩΗΧΕςΩΤΚΠΙ5[ΥςΓΟΥ%ϑΧΝΟΓΤΥ7ΠΚΞΓΤΥΚς[ΘΗ6ΓΕϑΠΘΝΘΙ[){ςΓ∆ΘΤΙ
5ΨΓΦΓΠ
;ΘΩςΚΓ,5ϑΧΡΚΤΧ27ΤΟΧΠ∆ΓςΘΞΧ#ΧΠΦ9ΧΠΙ,#ΦΞΧΠΕΓΦ6ΓΕϑΠΘΝΘΙ[ΧΠΦςϑΓ(ΩςΩΤΓΘΗ75
/ΧΠΩΗΧΕςΩΤΚΠΙ=ΚΠ?5ϑΧΡΚΤΧ2;ΘΩςΚΓ,ΧΠΦ7ΤΟΧΠ∆ΓςΘΞΧ#ΓΦΥ2ΤΘΕΓΓΦΚΠΙΥΘΗ)ΓΘΤΙΚΧ6ΓΕϑΤΓΥΓΧΤΕϑ
ΧΠΦΡΘΝΚΕ[ΨΘΤΜΥϑΘΡ)ΓΘΤΙΚΧ6ΓΕϑ∋ΕΘΠΘΟΚΕ&ΓΞΓΝΘΡΟΓΠς+ΠΥςΚςΩςΓ#ςΝΧΠςΧ)#75#

 28(28)
